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Abstract 
 
 
Wheat based products are a major food source worldwide, with wheat covering more 
land area for cultivation than any other crop. Wheat represents over 30% of global 
cereal production and noodles are one of the popular end products that are a staple food 
in many countries especially in Asia. Here 30 - 40% of wheat flour is used for making 
variety of noodles which vary in ingredients, process and shape of the finished products 
according to regional preferences. Whilst there has been considerable research into the 
traditional styles, yellow alkaline and white salted noodles, relatively few studies have 
focused on instant noodles. Therefore the aim of this study was to advance our 
knowledge on the quality of Asian instant noodles, by specifically investigating and 
optimising ingredient formulation and processing variables. In addition, the potential for 
enhancing quality by incorporation of a commercial lipase preparation has been 
evaluated.  
 
Noodle samples were made on a laboratory scale and characteristics evaluated included 
appearance (colour, uniformity and speckiness), microstructure, texture, fat and 
moisture uptake as well as the cooking properties. The experimental approach was 
carried out according to response surface methodology following second order central 
composite face centered design. Within these trials, generally 13 randomly selected 
combinations including 5 centre points were evaluated. Initial studies were performed 
on the validation of procedures including those for the texture analyser and fat 
extraction, in order to ensure the use of the most effective and reliable procedure in 
measuring the quality of the samples. A variety of commercial instant noodles from 
different manufacturers was then evaluated and significant variation in colour, textural 
attributes and structural attributes was found. These results indicated the possibility that 
different ingredients, formulation as well as manufacturing procedures impacted on the 
differences in the characteristics of the final product. The relationship between fat and 
protein content as well as the texture and microstructure of instant noodles was also 
investigated. The results showed that fat does not influence the appearance of either the 
surface or the cross sectional area of instant noodles. However, fat content is negatively 
correlated with the protein content of flour and the hardness of cooked noodles.  
 
Abstract 
 
 vii
A major focus of the project involved a series of trials investigating the impact of 
processing procedures for Asian instant noodles, including time and temperature of 
frying, time of steaming, number of folding steps applied to the dough as well as the 
mixing and resting times. Among the conditions found to be optimal for processing 
were the use of a relatively high frying temperature for around 1 min, steaming time of 
2 min with a high number of folding steps of the noodle sheets, as well as 5 min of 
mixing time. These were used in conjunction with two stages of resting with the first 
taking place after folding and sheeting through the largest roll gap of the noodle maker, 
and the second applied after the final sheeting of the dough.  
 
The second major phase of the optimisation studies involved varying the level of 
common salt and an alkaline salt ingredient known as kansui as well as varying the 
proportions of sodium carbonate and potassium carbonate in the alkaline salt solution. 
The common formulation of 1% salt in combination with around 0.2% alkaline salts and 
the ratio of 8:1 (Na2CO3:K2CO3) was found to be the most suitable optimised 
formulation obtained. Incorporation of lipase into the formulation of instant noodles 
concludes the last part of the study. Previous research showed lipase added to the lower 
quality flour with low extraction was proven to reduce the speckiness of raw noodles, 
increase firmness and brightness in addition to other advantages. The optimised level 
examined in this study to achieve a good quality of instant noodles in respect to the 
appearance, texture and cooking properties was 0.2%. Optimum conditions attained for 
the various parameters were then validated by testing the values of the responses in 
relation to those predicted by the models developed in the study. 
 
In conclusion, variation in the formulation and processing of Asian style instant noodles 
impacted significantly on a number of the characteristics evaluated. For the 
incorporation of lipase, relatively little effect on the characteristics of instant noodles 
was observed. The results of the studies can be used in the selection of approaches in 
the processing of instant noodles that will provide the sensory attributes desired by 
groups of consumers having particular preferences. 
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Explanatory notes 
 
The purpose of these notes is to briefly describe the approaches adopted during the 
preparation of this thesis. They relate to the units of measurement, the calculation of the 
instant noodle formulation, as well as the referencing of literature sources: 
 
1. Generally, for the presentation of results, SI units have been used, although it is 
noted that the results for the analyses of fat and moisture are presented for 100g of 
noodles in line with the approach typically adopted in most publications that refer 
to the composition of noodle products. 
 
2. The formulation of instant noodles have been calculated and expressed on the 
basis of 100 parts of flour by weight. 
 
3. The optimum cooking time was routinely measured for each noodle sample 
prepared and variations were found between different samples. This was most 
likely due to the diversity of ingredient formulation and processing procedures. 
Analyses of noodle characteristics including textural attributes were carried out on 
samples cooked to the optimum cooking time for each particular sample of 
noodles. 
 
4. In the citation and listing of references and information sources, the 
recommendations of American Psychological Association (APA, 2001) have been 
applied throughout. 
 
 
Chapter 1 
 
 1
Chapter 1 
 
Introduction 
 
 
The purpose of this chapter is to provide a brief overview of the research program 
described in this thesis on the role of various ingredients and processing variables in 
determining the attributes and appeal of instant noodles. The project has been developed 
on the basis of the following issues: 
 
• Wheat has been a leading cereal crop for many centuries and continues to provide 
staple foods for consumers across many countries around the world. This partly 
reflects the versatility of wheat flour as a food ingredient; 
• It has been estimated that in excess of twelve percent of world wheat production is 
currently used for making Asian noodles; 
• These include a wide range of products varying in terms of colour, size, shape, 
texture and manufacturing process, depending on the region in which they are 
made, in order to suit a diversity of consumer preferences; 
• Instant Asian style noodles have become a staple food in many Asian countries 
since they were first developed around fifty years ago. They are now becoming 
increasingly popular in western and other countries around the world due to their 
convenience; 
• The foremost attributes of instant noodle quality that determines consumer 
acceptance are colour and texture; 
• Cultivars, flour characteristics, noodle formulation and processing variables are 
the factors that have been shown to influence instant noodle quality; 
• Research has confirmed that instant noodles with bright and light yellow colour 
are well accepted by consumers; 
• In contrast, the texture of cooked instant noodles generally should have a 
relatively strong bite with a firm, smooth surface as well as good mouth feel; and 
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• Colour of instant noodles is measured numerically so that comparisons can be 
made readily. Conversely the texture of cooked instant noodles can be evaluated 
by sensory methods and by physical means using a variety of instrumental 
approaches. 
 
The research described in this thesis is based upon the hypothesis that the attributes of 
instant noodles, especially colour and texture are dependent on factors primarily related 
to ingredient characteristics and formulation as well as processing variables. The 
optimisation of these will provide a basis whereby the specific preferences of consumers 
can be fulfilled. 
 
Whilst comprehensive studies have previously been reported on the attributes of Asian 
noodles, these have been primarily focused on yellow alkaline and white salted 
products, very few studies have investigated instant noodles. Therefore this project has 
been developed to advance the current limited knowledge on those factors that might 
readily be manipulated to enhance the appeal of instant noodles, particularly through the 
optimisation of these variables. 
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Chapter 2 
 
Background and literature review: wheat and wheat based 
products, Asian noodles 
 
 
The purpose of this chapter is to briefly describe the origin of wheat, its end uses as well 
as the production and consumption of wheat and wheat based products globally. These 
then provide background to a discussion of the variety of Asian noodles. 
 
2.1 The origin of wheat 
 
Wheat is one of the world’s oldest cereal crops that was probably first grown around 
10,000 – 8,000 B.C. It is believed that wheat was developed from wild grasses native to 
the dry lands of Asia Minor (Orth and Shellenberger 1988). Wheat can be grown in 
various conditions as it both adaptable and is also able to withstand harsh environmental 
conditions (WORC 2002) 
 
The wheat plant is a member of the grass family Poaceae (previously known as 
Gramineae), belonging to the genus Triticum. Within this genus, there are fourteen 
commonly recognised species and these can be divided into three subgroups: diploid, 
tertraploid and hexaploid, depending on the number of chromosomes present. Of these, 
the most widely grown species are T. durum Desf. (tetraploid) and T. aestivum 
(hexaploid) with the latter dominating world wheat production (Inglett 1974). Emmer is 
another form, generally regarded as representing the earliest wheats used for food 
(Schmidt 1974; Orth and Shellenberger 1988) and the dominant wheat for thousands of 
years in the Near East where wheat originated (Schmidt, 1974). 
 
The grain of T. durum or durum wheat is either white (amber) or brownish-red in colour 
and is generally suitable for making pasta products, while T. aestivum (bread or 
common wheat) is widely used for bakery goods and Asian noodles. The latter 
possesses grain characteristics that are either hard or soft in texture and white or 
brownish red in colour (Inglett 1974).  
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2.1.1 The global significance of wheat  
 
Wheat has been a significant food source since the olden days as it has continuously 
dominated domestic trade in many countries as well as internationally, almost to the 
exclusion of all other cereals. Wheat is not only one of the world’s oldest cereal crops; it 
was also an important food in the Mediterranean region centuries before recorded 
history. Furthermore, in Roman times wheat was of such importance that the term wheat 
empire was used reflecting its dominant role in the area dating from around 10,000 B.C. 
(Orth and Shellenberger 1988). Wheat is a high energy food and its availability was 
considered a sign of a high stage of civilisation (Schmidt 1974; Orth and Shellenberger 
1988). Wheat was taken by the early colonists to the countries of the New World, and it 
remains as a major crop in these countries today (Schmidt, 1974).  
 
2.1.2 Wheat varieties  
 
Wheat exists as genetically distinct varieties, also often referred to as cultivars. Recently 
due to cultivation, breeding and selection, the number of wheat varieties has grown 
rapidly, reaching about 30,000 varieties of the 14 species grown on all continents other 
than Antarctica. However, it has been reported that only approximately 1,000 wheat 
varieties are of commercial significance (Posner and Hibbs 1997). 
 
Wheat varieties are classified in relation to their properties other than the botanical 
features for commercial purposes. Currently, this is based upon their physical and 
chemical properties related to processing performance. This system has been established 
due to the complexity of the world wheat trade today where buyers are increasingly 
aware of the importance of wheat specification for their requirements. The varieties of 
wheat to fulfil individual requirements are developed to take account of the interactions 
between two sets of factors: those determined genetically and the prevailing 
environmental conditions where the wheat is to be grown (Orth & Shellenberger, 1988). 
Subsequently, flour of a specific quality required for a particular purpose by a processor 
is then made by combining various flour mill streams (Yahata, Maruyama Funatsuki et 
al. 2006).  
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2.1.3 Wheat classification 
 
Wheats are assessed according to many aspects and each country has its own official set 
standards used for classification and inspection purposes. In commerce and trade 
involving wheat, the terms class and grade are often used to describe marketable parcels 
of the grain that has been classified on the basis of the standards applied by a particular 
country. Such parcels would typically contain wheat of a number of different genetic 
varieties. In general, there are two classification approaches: these use broad criteria and 
also more specific factors that are use to distinguish wheat characteristics. The broad 
factors include the season which the crop is grown (i.e. winter or spring), the hardness 
of the grain, the colour of the bran (i.e. red or white) and their protein content (Orth & 
Shellenberger, 1988). The more specific factors include brush size, germ angle, cheek 
angle, kernel shape, seed coat texture, kernel colour, kernel hardness (Posner and Hibbs 
1997), test weight (i.e. bulk density), cleanliness (i.e. the absence of foreign materials, 
other type of grains and weed seeds), degree of soundness (i.e. the absence of sprouted 
grain) (Orth and Shellenberger 1988; Hou 2001), moisture content (Orth & 
Shellenberger, 1988), as well as the absence of disease, mycotoxins and other defects 
(Hou, 2001).  
 
As an example of how this is applied, in Canada there are seven major classes of wheats 
which are divided into two categories: four of these are spring wheats namely hard red, 
amber durum, soft white and utility, along with three which are winter wheats and these 
are Canadian Western red, Canadian Eastern red and Canadian Eastern white. Australia 
has traditionally grown only spring wheats and has a system with four classes of milling 
wheats namely prime hard, hard, standard white and soft (Posner and Hibbs 1997). Of 
these Australian Prime Hard (APH) has long been favoured for the production of yellow 
alkaline noodles in South East Asia and Japan (Lorenz, Martin et al. 1994), and 
Australian Standard White (ASW) has had the most desirable characteristics for 
producing Japanese white salted noodles (Konik and Miskelly 1992). More recently 
additional classes have been introduced (AWB 2006) and these include Australian 
Premium White and classes specifically selected on the basis of their suitability for 
making particular types of Asian noodles. In relation to this, Australia exports 
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approximately one million tonnes of wheat annually to Japan of which about 60% is 
used for the production of Japanese white salted noodles (Konik, Miskelly et al. 1993). 
 
The classification of hard and soft wheats is made on the basis of the milling 
characteristics during which fragmentation of the endosperm occurs along the lines of 
the cell boundaries for hard wheats and randomly in soft wheats. The resultant flour 
from hard grained wheats is characteristically coarse and gritty with particles that are 
regular shaped and readily sifted. On the other hand flour milled from soft wheats is 
very fine with some flattened particles – these may become entangled and adhere 
together, resulting in difficulties in sifting (Kent and Evers 1994). 
 
Winter wheat is generally planted during late summer or autumn (fall). Once the kernels 
germinate and grow into young plants, these remain in the vegetative phase during the 
winter and resume growth in early spring. Spring wheat on the other hand is planted 
during spring and is fully grown in late summer although for countries that experience 
mild winters as in Australia, planting often takes place in autumn with harvest occurring 
in late spring or early summer. The production of winter wheat has dominated 
throughout the world while spring wheat production is gradually fallen. This is due to 
the greater hazards in obtaining a satisfactory harvest of spring wheat as well as the 
lower yield of spring wheat in comparison to winter wheat (Orth and Shellenberger 
1988).  
 
2.1.4 Wheat composition: carbohydrates and proteins 
 
Carbohydrates and proteins are the most abundant constituents of wheats. The 
composition ratio of these varies for different types of wheat. Effectively, this difference 
in ratio is an important factor used in selecting the most suitable type of wheat for 
particular purposes. The typical values for the composition of the most common types 
of wheats are presented in Table 2.1.  
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Table 2.1 Composition of different types of wheat in percentage terms1 
 
Hard Wheat Soft Wheat  
Durum Red 
spring 
Red 
winter
White Red 
winter 
White 
 
Sprouted 
Carbohydrate 71.13 68.03 71.18 75.90 74.24 75.36 42.53 
Protein 13.68 15.40 12.61 11.31 10.35 10.69 7.49 
Water 10.94 12.76 13.10 9.57 12.17 10.42 47.75 
Fat 2.47 1.92 1.54 1.71 1.56 1.99 1.27 
Ash 1.78 1.89 1.57 1.52 1.68 1.54 0.96 
1 Data from (USDA 2005). 
 
Carbohydrates are classified based on their degree of polymerisation, that is as 
monosaccharides, oligosaccharides and polysaccharides (Lineback and Rasper 1988). 
Despite the fact that wheats consist of almost 80% carbohydrates, proteins are the more 
essential components in regard to the quality of many food products made from wheat 
flour (Miskelly 1984; Miskelly and Moss 1985; Oh, Seib et al. 1985; Oh, Seib et al. 
1985; Shelke, Dick et al. 1990; Chung and Kim 1991; Baik, Czuchajowska et al. 1995; 
Hou and Kruk 1998; He, Yang et al. 2004; Park and Baik 2004a).  
 
2.1.5 Wheat production worldwide 
 
Wheat based products are a major food source worldwide, with the crop taking over 
more land area for its cultivation than any other. Wheat represents over 30% of the 
world total cereal grain production (Table 2.2). The farming and cultivation systems as 
well as those for classification and trading of wheat are in different in each country. 
Some countries have a fixed number of wheat varieties on the market. In the United 
States wheat breeders are permitted to certify a new wheat variety and sell this to the 
market, whereas in Canada the Wheat Board is the body responsible for certifying the 
wheat varieties and authorising farmers to grow them. Like Canada, Australia has an 
industry body that authorises wheat varieties both for trading locally and internationally 
for export. 
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Table 2.2 World grain production projected for 2009/20101 
 
 Million tonnes Proportion (%) 
Total grains 2208.4 100 
Wheat 682.4 31 
Coarse grains 1091.7 49 
Rice (milled) 434.3 20 
1 Data from (FAO 2005). 
 
From the report of the World Agricultural Outlook Board, USDA, (2008) the major 
wheat exporters are Argentina, Australia, Canada, and Europe whereas the world major 
wheat importers are Brazil, China, North Africa, and Pakistan. Table 2.3 represents the 
wheat production of selected countries. 
 
Table 2.3 World wheat projected production 2009/20101 
 
 Million tonnes Proportion (%) 
World 682.4 100 
Europe 150.6 22 
China 113.0 17 
United States 68.0 10 
Canada 27.3 4 
Pakistan 21.5 3 
Australia 20.0 3 
North Africa 15.8 2 
Argentina 11.0 2 
Brazil 5.4 1 
1 Data from (FAO 2005). 
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2.1.6 Wheat consumption worldwide 
 
Humans have utilised wheat as a source of food for centuries. Over time it has become a 
major component of many diets worldwide because of its agronomic adaptability, ease 
of storage, nutritional goodness and its ability to produce a wide variety of food 
products (Orth and Shellenberger 1988). Wheat can be used as the major ingredient in 
foods including breads, rolls, crackers, cookies, biscuits, cakes, muffins, pancakes, 
noodles, ice cream cones, macaroni, spaghetti, pizza and many other foods, but it can 
also be used as a thickener in soup, gravies and sauces. In addition, the by-products of 
the flour milling industry are usually used for livestock feed whereas wheat straw is 
used for livestock bedding and paper products (WORC 2002). 
 
Wheat is a staple food in many countries with the level of consumption largely 
unaffected by changes in its price. The total of wheat consumption worldwide has been 
growing on average at a stable 1% per annum over the past 20 years. This level of 
consumption reached around 600 million tonnes per year and is expected to increase 
over the coming years (AWB 2006). 
 
2.2 A brief comparison of pasta and noodles 
 
Pasta and noodles are end products made during processing of wheat that are staple 
foods in many countries. The two products differ in their country of origins, raw 
materials, ingredient formulations and manufacturing procedure (Miskelly 1993; Small 
2003) as well as their consumption patterns (Hou and Kruk 1998; Hou 2001). 
 
Pasta products originated from Europe (Miskelly, 1993). These are made from coarse 
semolina milled from durum wheat, T. durum which is mixed with water and then 
extruded through a metal die under pressure (Miskelly 1993; Hou and Kruk 1998). Pasta 
can be made into dried and filled products including spaghetti and macaroni, ravioli and 
tortellini respectively (Miskelly, 1993). All of these are usually eaten with sauces (Hou 
and Kruk 1998) and the characteristics of cooked pasta should be clean and yellow in 
colour, firm and free from surface stickiness (Miskelly, 1993). 
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Noodles are made from a milled material that consists of very much finer particles than 
those used in pasta production. The flour used can be from either hard or soft grained 
varieties of bread wheat, T. aestivum, along with water and salt (common salt). Another 
commonly used ingredient is alkaline salts, also known as kansui (Hou and Kruk 1998) 
and this often consists of a mixture of sodium and potassium carbonates (Yu and Ngadi 
2006). The primary processes of manufacture are of sheeting and cutting of a dough 
which usually incorporates relatively low water addition compared to those used for 
bakery products (Miskelly 1993; Corke and Bhattacharya 1999).  
 
There is strong evidence that Asian noodles originated from the north of China as early 
as 5000 BC (Corke and Bhattacharya 1999). Today, a wide variety of Asian style 
noodles are available, varying in their ingredients, processes applied and the form of the 
finished products (Crosbie and Ross 2004). This diversity reflects differences in culture, 
climate, region, and a number of other factors (Hou 2001). Asian noodles are cooked 
and consumed in many different ways. They can be boiled and served in soup, boiled 
and served hot or cold as a side dish, stir fried with vegetables and meat, or used as a 
thin sheet to wrap other ingredients such as Japanese gyoza, Chinese wonton and other 
dim sum snacks (Miskelly, 1993). 
 
2.3 The significance of Asian noodles 
 
A great deal of research by the large majority of cereal scientists, particularly in the 
western world has been focused on understanding wheat flour quality specifically as it 
relates to bread and baked products. However in relatively recent times this has changed 
as scientists have turned their attention to other wheat products including Asian noodles, 
steamed breads and flat breads. The reasons for this reflect the expansion of global diets 
in many countries, the continuing expansion of trade between east and west, and the 
increasing ethnic diversity in North American and European countries (Kruger 1996) as 
well as Australia. 
 
Noodles have been considered as a staple food of many Asians for thousands of years 
and remain an important part of the diet in many Asian countries today. The history of 
noodles has been dated back at least as far as the Han Dynasty (206 BC - 220 AD) in 
China (Hou 2001). Up until now noodles have been developed for well over 2000 years 
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and have spread and gained popularity in other countries as a result of increase in travel, 
trade, Chinese migration and emigration (Corke and Bhattacharya 1999). This is clearly 
demonstrated by the availability of a vast array of noodles made with a variety of 
ingredient formulations as well as processing procedures which result in different 
product shapes, quality and taste to suit many different regional preferences (Nagao 
1996). 
 
In most parts of Asia, wheat flour is the primary ingredient used for making noodles. 
These are a staple foods in many countries especially throughout South East Asia where 
30 - 40% of wheat flour is used for making variety of noodles (Hatcher 2001). 
Variations in noodles such as colour, shape and texture influence the preference of 
consumers in choosing the products. The preferences of consumers in different regions 
vary significantly, however acceptable quality of dry noodles generally should have a 
white opaque colour for white salted noodles or bright yellow colour for yellow alkaline 
noodle and it should be able to be cooked rapidly, while remaining firm, losing only 
small amounts of solid in the cooking water and should not become sticky and soggy 
when standing after cooking (Oh, Seib et al. 1983).  
 
2.3.1 The diversity of Asian style noodles 
 
The broad range of noodle products depends upon several factors which include raw 
materials especially the type of flour or primary ingredient and salt as well as the other 
ingredients used in the formulation, methods of preparation, the size of noodle strand 
and the form of the finished product (Corke and Bhattacharya 1999). Based on raw 
materials, Asian style noodles can be classified into two general types which are those 
made from wheat and as well as non-wheat noodles (Collado and Corke 2004) although 
it should be noted that some common products incorporate both of these. In order to 
illustrate these and the overall diversity they represent, pictures showing the appearance 
of some better known types of Asian noodles are presented in Figures 2.1 - 2.3. 
 
Among the many non-wheat options (Figure 2.1) rice flour is one of the most popular 
and rice is used to produce two different products: vermicelli, which is prepared by 
extrusion, as well as sheets and flat noodles which are produced by sheeting (Miskelly 
1993). Starch noodles made from wheat starch alone or a combination of wheat and  
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Figure 2.1 Examples of the variety of Asian noodles produced from primary 
ingredients other than wheat flour (A) bean threads, (B) soba, (C) 
rice vermicelli, (D) rice noodles 
Source: Owen (2000) 
 
 
tapioca starch produced semi-transparent opaque square sheets used for certain types of 
dim sum wrappers. Noodles made from mung bean starch are known as bean thread, 
starch or cellophane vermicelli. They are quick cooking, have a low solids loss on 
prolonged cooking and a distinctive chewy texture (Miskelly, 1993).  
 
Buckwheat noodles also called soba in Japan (Figure 2.1B), generally include a 
combination of 70% hard wheat flour with 30% buckwheat and 28% water (Hatcher, 
2001). Wheat flour is included because the protein of buckwheat flour lacks gluten 
forming ability, therefore wheat flour with high protein content (at least 12%) is 
required to assist in the formation of a suitably tight dough sheet (Hou, 2001). 
 
A B
C D
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Figure 2.2 Variety of Asian noodles produced from wheat flour (A) fresh fine 
noodles, (B) fresh egg noodles, (C) dried egg noodles, (D) instant 
noodles, (E) somen, (F) udon 
Source: Owen (2000) 
 
A B 
C D 
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Figure 2.3 Other forms of Asian noodles (A) triangular rice paper, (B) egg roll 
wrappers, (C) round wonton skins, (D) square wonton skins 
Source: Owen (2000) 
 
 
Among the advantages of buckwheat compared to wheat are the gluten free nature of 
the former, the stronger and sweeter flavour, as well as higher dietary fibre content 
(Hatcher, 2001).  
 
Wheat flour noodles (Figure 2.2) account for up to 40% of the local wheat consumption 
in many countries (Miskelly, 1993). The two traditional types of noodles made from 
 
A 
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B
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wheat flour are white salted and yellow alkaline noodles and these may be distinguished 
by the presence or absence of alkaline salts in the formulation. White salted noodles 
include Chinese raw or dry noodles, Japanese noodles and Korean white salted noodles, 
all of which include common salt as an ingredient. Conversely, yellow alkaline noodles 
use alkaline salts, kansui to produce Chinese wet noodles (hokkien), Cantonese noodles, 
Thailand bamee, chuka-men, and instant noodles (Hou 2001).  
 
A further style which was first produced approximately fifty years ago is the instant 
Asian noodle (Figure 2.2D). This form of noodles has rapidly gained popularity 
globally and has been the focus of the research reported in this thesis. Accordingly the 
following chapter is devoted to a review of the current state of knowledge of this group 
of products. For comparative purposes, the key compositional qualities of the three main 
styles of Asian wheat noodles are presented in Table 2.4. 
 
Table 2.4 Key compositional properties of Asian wheat noodle styles1 
 
Type of noodle Protein content 
of flour (%) 
Amount of water in 
the formulation (%) 
pH of noodle 
White salted noodles 8 – 10 30 – 35 6.5 – 7 
Yellow alkaline noodles 10 – 12 30 – 35 9 – 11 
Instant noodles 9 – 11 30 – 35 5.5 – 9 
1 Data from (Corke and Bhattacharya 1999). 
 
In presenting an overview of the diversity of Asian noodles it is noted that the physical 
form of products also varies and whilst many are in the form of long threads, similar 
formulations and processes are applied in the manufacture of various foods that are in a 
sheet form. These can be classed as noodles and some are shown in Figure 2.3. As a 
further example of how shape and size may vary, in Japan noodles are classified into 
four categories based on the size of the strand: very thin noodles (so-men), thin noodles 
(hiya-mugi), standard noodles (udon) and flat noodles (hira-men) with the strand width 
range of 1.0 - 1.2 mm, 1.3 - 1.7 mm, 2.0 - 3.8 mm, and 5.0 - 7.5 mm, respectively 
(Nagao 1996).  
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The moisture content and the extent of precooking are also relevant to this discussion of 
the diversity of noodles available in the marketplace. Fresh noodles sold in the raw form 
contain 35% moisture, whereas cooked wet noodles, dry noodles and instant noodles 
contain 52%, 10% and 8% moisture respectively (Oh, Seib et al. 1983). The level of 
moisture significantly impacts the storage characteristics of the products. 
 
In summary of the diversity of Asian noodles, many products have been developed to 
fulfil the preferences of consumers in particular countries and regions. In now reviewing 
further aspects of noodle formulation and processing, the emphasis is on wheat flour 
noodles. This reflects the fact that these have been documented more comprehensively 
in the scientific literature and this material relates more specifically to the instant styles 
of Asian noodle. 
 
2.3.2 Major ingredients affecting the quality of Asian noodles 
 
Flour is the primary ingredient for noodle processing and this plays an important role in 
determining the colour and texture quality of the final products. First of all, wheat 
selection for the manufacture of noodle flour has to be taken into consideration 
including having a good appearance and not damaged by weather or grain drying as 
well as containing appropriate balance of protein content and protein quality, and starch 
characteristics according to the targeted noodle type (Konik and Miskelly 1992; Crosbie 
and Ross 2004). An increase in protein content in the flour decreases the brightness of 
dried noodles (Moss 1971). Ash content is also important to minimise colour problems, 
therefore ash content of 0.4% is the aim of millers for noodle flours (Kruger 1996).  
 
Colour of noodles in general is highly affected by flour extraction rate or ash content. 
High flour extraction rate would give duller noodles compared to those of a lower 
extraction and lower ash level which would have a brighter noodle colour. Discoloration 
of raw noodles in contrast is believed to be associated with polyphenol oxidase (PPO) 
(Crosbie and Ross 2004; Zhao and Seib 2005), flour extraction rate, weather damage, 
and wheat variety (Crosbie and Ross 2004). Flour retains approximately 3% PPO of the 
activity in wheat (Baik, Czuchajowska et al. 1994). PPO is an enzyme present in the 
bran layer and may be passed into flour during milling. A higher extraction rate will 
therefore contain a higher amount of bran particles in the flour which lead to faster rate 
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of noodle darkening compared to noodles made with a lower flour extraction rate (Hou 
2001). Increasing amount of PPO is also known to correspond with increases in the 
springiness, cohesiveness and chewiness of Chinese raw noodles (Martin, Berg et al. 
2005).  
 
The size of flour particles affects the colour of the flour. A fine particle results in 
brighter and whiter flours than does coarse particles (Miskelly 1984; Crosbie and Ross 
2004). A fine and uniform particle size distribution in flour is essential for uniform 
water distribution during mixing in production of all types of noodles as coarse flour 
absorbs water too slowly and extremely fine flour that has a high amount of starch 
damage absorbs water readily and results in soft noodles (Oh, Seib et al. 1985). 
Increasing amount of starch damage in the flour can also reduce flour brightness 
because it reflects less light compared to entire starch granules (Miskelly 1984).  
 
Starch affects the texture of noodles especially in white salted noodles where their 
elasticity is associated with high starch swelling and paste viscosity. Several studies 
(Miskelly and Moss 1985; Konik, Miskelly et al. 1993) have shown that high swelling 
starch flour is not suitable for producing alkaline noodles. It was concluded that high 
starch swelling power and pasting properties may be very important in response to the 
quality of white salted noodles but less critical in governing the quality of other type of 
Asian style noodles (Baik, Czuchajowska et al. 1994).  
 
Protein content of flour is another important factor that affects the brightness by 
increasing the whiteness of both the flour and fresh noodles with decreasing amounts of 
protein in the flour. This effect is however not significant once the noodles are cooked 
(Miskelly 1984).  Protein content also affects the texture and quality of noodles because 
it has a positive and negative correlation with noodle toughness and oil uptake 
respectively (Hatcher 2001). Aside from protein content of flour, protein quality is as 
important in determining the suitability of flours used for making specific styles of 
Asian noodles (Baik, Czuchajowska et al. 1994).  
 
Salt enhances flavour, improves texture, decreasing boiling time (Kubomura 1998) by 
increasing water permeability as well as strengthening and tightening gluten structure 
which improves viscoelasticity (Dexter, Matsuo et al. 1979). Yellow alkaline noodles 
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are made by the inclusion of alkaline solutions or kansui ( a combination of sodium 
carbonate, Na2CO3 and potassium carbonate, K2CO3) in the formulation to assist with 
the development of yellow colour by detaching the flavone compounds (Miskelly and 
Moss 1985), the natural pigment present in the flour (Miskelly 1984) from the 
polysaccharides to allow the manifestation of the yellow colour (Miskelly and Moss 
1985). Without the addition of alkaline salts, the colour of the noodles would be white 
or cream. The presence of sodium salts provide clear yellow colour whereas potassium 
salts give a green hue (Moss, Miskelly et al. 1986).  
 
Other roles of kansui in yellow alkaline noodles formulation are to inhibit enzyme 
activity and suppresses enzymatic darkening due to the high pH created (Miskelly and 
Moss 1985). It also improves the flavour and texture of the final products (Miskelly 
1984). Kansui has been reported by Hatcher (2001) to have a stronger effect than salt 
thus the decrease in the Farinograph water absorption due to salt is masked by the 
strengthening effect of alkali. Moss, Miskelly, and Moss (1986) also reported that the 
addition of kansui increases farinograph water absorption, decreases mixing 
requirements and initially toughens the dough which then becomes weaker and more 
extensible as it successively passes through rolls. Alkaline salts used in alkaline noodles 
is usually a combination of Na2CO3 and K2CO3, Na2CO3 and NaHCO3, Na2CO3 and 
NaOH or NaOH alone. A mixture of hydroxide and carbonate give a more attractive and 
brighter yellow colour than when either a hydroxide or a carbonate is used (Hou 2001). 
Additionally, the use of NaOH higher than 1% is associated with freedom from noodle 
discolouration due to the pH being out of range of where the enzymes responsible for 
darkening are active (Moss, Miskelly et al. 1986). However, NaOH slows down the rate 
of gluten development when compared to noodles made using either NaCl or a 
combination of Na2CO3 and K2CO3 (Moss, Gore et al. 1987).  
 
Water is often incorporated in noodle making at a level of around 30 - 35%. The right 
amount of water added is important to hydrate the flour into forming appropriate dough. 
Having too little water will create a dry mixture that is too hard to combine and forme 
into dough. In contrast, too much water will make the dough soggy and hard to handle 
(Oh, Seib et al. 1985; Kruger 1996). The optimum water absorption for different flours 
is affected by the individual characteristics however since flour is made up of at least 
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70% starch, the level of damaged starch will therefore greatly affect the extent of water 
absorption as it absorbs a considerable amount of water (Kruger 1996).  
 
2.3.3 Additional ingredients for noodle quality improvement 
 
Other ingredients such as starches, emulsifiers, gums, colourings, and enzymes that are 
often added in noodle formulation to improve the quality are now discussed and 
reviewed. Native or modified potato starch, tapioca starch or other equivalents are often 
added to premium instant noodles and white salted noodles to improve cooking quality 
by providing a more springy texture and quicker rehydration time due to the properties 
of these starches having a high viscosity, rapid swelling and low gelatinisation 
temperature. Modified starches having the characteristics of freeze thaw stability and 
improved gelling properties are often added to long life noodles that require thermal 
processing or freezing (Hou 2001). Adding starches may also give a whiter and lighter 
colour (Rho, Chung et al. 1989; Hou 2001) to the end products because starches are 
very white (Hou 2001).  
 
Emulsifiers such as glycerine fatty ester, sucrose fatty ester and lecithin are often added 
to prevent starch retrogradation, prevent foaming in the noodles and improve cooking 
quality (Kubomura 1998). Lecithin in particular has been proven by Rho et al. (1989) to 
increase the breaking stress and cutting stress of cooked noodles. Vital wheat gluten at a 
level of 1 - 5% of flour weight is added at times in the formulation of Japanese 
buckwheat noodles and Chinese noodles to improve texture (Kubomura 1998) by 
enhancing matrix formation. However, too much gluten will cause noodle darkening 
(Hou 2001). Dehydrated whole egg powder may also be added at a level of 0.5 - 2.0% 
to prevent bubbles forming in the noodles (Kubomura 1998). Hou (2001) also discusses 
the possibility of adding fresh or frozen eggs to noodle dough to increase the flavour, 
elasticity and firmness. The addition of fresh eggs however leads to a faster rate of 
noodle darkening.  
 
Common stabilisers used in noodle making are guar gum, locust bean gum, alginates 
and carboxymethyl cellulose (CMC) which are added at a level of 0.1 - 0.5% (Hou 
2001). The addition of stabiliser in the formulation affects the properties of the final 
product such as firmer texture, increases in water holding capacity in pre boiled 
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noodles, increase in freeze thaw stability, reduced ice crystal formation in frozen 
noodles as well as decreasing the fat uptake during frying of instant noodles (Crosbie 
and Ross 2004).  
 
Food colorants such as β-carotene are often used to adjust the creamy yellow colour of 
udon. Tartrazine is also commonly added to intensify the yellow colour of Hokkien 
noodles in Southeast Asia (Crosbie and Ross 2004). Natural colouring agents, for 
instance vitamin B2 and gamboge resin gum, have are recently been used in addition to 
kansui to fulfil customer’s preference of having lower amounts of alkaline salts in the 
formulation of yellow Chinese alkaline noodles. In contrast, organic acids are 
sometimes used in order to prevent colour changes and inhibit microbial deterioration 
(Kubomura 1998).  
 
Recently, a range of enzymes has been included in formulations, primarily to enhance 
the texture of the noodles. These enzymes are transglutaminase, lipases, oxidoreductase, 
and amylases. Transglutaminase increases the break strength in uncooked dried noodles 
as well as the firmness of cooked noodles by forming glutamyl-lysine cross links in 
gluten. Lipases are claimed to reduce surface stickiness and increase firmness of cooked 
noodles. Oxidoreductases such as glucose oxidase on the other hand are known not only 
to increase noodle firmness, but also to reduce stickiness and cooking loss. In addition, 
surface application of amylases is proposed to reduce the surface stickiness in packaged 
and precooked noodles (Crosbie and Ross 2004). 
 
2.3.4 The importance of Asian style noodle processing 
 
The basic procedures of Asian noodle making for each of the three main styles of wheat 
flour noodles, yellow alkaline, white salted and instant styles, generally follow the same 
steps and these are summarised in Figure 2.4. These include the mixing of ingredients, 
resting, sheeting, and cutting. Noodle strands are then further processed in different 
ways depending on the type of noodles to be made (Hou and Kruk 1998). The first step 
of Asian style noodle making is mixing. In this process salt, and/ or kansui and other 
ingredients except flour are dissolved in water, and added to the flour (Kubomura 1998; 
Yu and Ngadi 2004). According to previous studies, mixing time ranges from 4 min 
(Park and Baik 2004; Yu and Ngadi 2004) to 20 minutes (Yahata, Maruyama Funatsuki 
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et al. 2006) depending on the amount of water added (Crosbie and Ross 2004). Mixing 
is performed to combine the ingredients uniformly and to hydrate the flour into a 
crumbly dough (Kubomura 1998; Ross and Ohm 2006).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4 Summary of noodle making procedures (Hou 2001) 
 
 
The next step is rolling, where the dough crumb is formed into a dough and is passed 
through a roller unit to produce a sheet of dough which then folded and further pressed 
by gradually reducing the roller gap to the desired thickness depending on the noodle 
type, ranging from 0.9 mm (Hou, 2001; Hou & Kruk, 1998) to 1.6 mm (Wu, Aluko, & 
Corke, 2006). The purpose of repeated folding is to make the colour of the dough sheets 
more uniform and the texture stronger by giving a more complete formation of gluten 
network. Hatcher and Anderson (2007) demonstrated in their study that the presence of 
salt significantly increased the amount of energy required for proper gluten 
development. Hand-made noodles have been recognised to produce a superior quality of 
end products compared to machine made noodles. This is probably due to intertwining 
of molecules, both lengthwise and crosswise, during gluten formation in hand-made 
Flour Salt water / alkaline water 
Mixing, resting, sheeting, compounding, sheeting (4-6 steps) 
Cutting 
Waving 
Steaming 
Frying 
Instant fried noodle 
Parboiling 
Chinese wet noodle 
Oiling 
Rinsing, draining 
Chinese raw noodle 
Japanese udon noodle 
Chuka-men 
Thai bamee noodle 
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noodles as opposed to machine made products in which gluten formation is aligned 
along the direction of sheeting (Kubomura, 1998; Nagao, 1996). 
 
The final step of noodle manufacturing is cutting of the rolled dough to the specific 
width generally 1.3 mm (Hou, 2001) to 2.0 mm (Wu et al., 2006) according to the final 
products to be made (Kubomura, 1998). Noodles can then be sold straightaway as fresh 
noodles or these can be processed further to provide other types of Asian style noodles 
as described in Figure 2.4.  
 
In summary, there are a wide range of noodle products made from various ingredient 
sources. Many of these have wheat flour as the primary ingredient and this group of 
products represent a major end use of the large tonnages of wheat grown globally. The 
focus of the research described in this thesis is on the quality and formulation of instant 
Asian noodle products and the current knowledge on these is described in the following 
chapter. 
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Chapter 3 
 
Background and literature review: Current knowledge on 
Asian instant noodles  
 
 
The purpose of this chapter is to provide background on the importance of Asian instant 
noodles globally and the factors affecting the quality of these products, particularly 
including raw materials, formulation and processing variables.  
 
3.1 The significance of Asian instant noodles 
 
Instant ramen, also commonly called instant noodles are the fastest growing sector of 
the noodle industry and are consumed in more than 80 countries worldwide (Kubomura, 
1998). The first instant noodle that went on the market was called chicken ra-men, 
which was introduced by the Japanese in 1958 (Nagao, 1996). In 1963, instant noodle 
was first introduced in Korea and since then, consumption has increased and reached 
almost 10kg per capita per year (Holt, 1999). By 1964 many manufacturers began to 
produce instant Chinese type noodles (Nagao, 1996) and in 1998, the global 
consumption of instant noodles was up to 43 billion packs and it is estimated to reach 
up to 100 billion by 2010 (Holt, 1999).  
 
Korea and Japan have been producing high quality cup instant noodles with Korea 
having 90% of the total wheat noodle production for making instant noodles and 
approximately 23% in Japan (Hatcher, 2001). Instant noodles are considered as a meal 
rather than a snack in Korea, and the taste and flavour of the soup is more important 
than the texture of the noodles (Miskelly, 1993). In addition, over recent decades instant 
noodles have gained popularity amongst consumers in western nations as well as many 
other countries in Africa, South America and the Middle East, due to the convenience of 
the instant style as well as their texture (Yu & Ngadi, 2004).  
 
Instant noodles are very convenient and stable so that they are often used as emergency 
foods (Hou, 2001). They typically have a shelf life of 4 to 6 months and only need 2 to 
3 min to cook, which make them convenient and can simply be prepared outside the 
home (Miskelly, 1993). They can be regarded as nutritionally balanced, with 
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approximately 60% of their energy (calories) derived from carbohydrates. They are 
made from cereals and with the addition of vitamins and minerals can be an even more 
complete and efficient food. In Japan, instant noodles are made with the addition of 
calcium and psyllium husk. The latter is used to increase dietary fiber content in the 
noodles which also serves as a natural stabiliser (Kubomura, 1998)  to improve noodle 
texture (Hou, 2001). The quality of instant noodles is determined largely from the 
texture and the characteristics that are most desirable for cooked instant noodles include 
firmness, elasticity and smooth surface (Noda et al., 2006).  
 
3.2 The impact of raw materials on the textural quality of Asian instant noodles 
 
The basic ingredients of instant noodles are wheat flour, water and salt and/or kansui. 
Different countries produce instant noodles with slightly different ingredient 
formulations. Instant Chinese noodles are made from wheat flour and contain kansui 
whereas instant Japanese noodles are typically made from wheat flour, may incorporate 
some buckwheat flour and do not include kansui. Instant European noodles in contrast 
are made from wheat flour or durum semolina (Kubomura, 1998). The main ingredients 
affecting the texture of instant noodles are flour quality, kansui, salt and water.  
 
Wheat flour is one of the major ingredients in Asian instant noodles and its quality is 
vital for noodle production (Noda et al., 2006). Quantity and quality of protein in the 
flour are critical aspects that are used to achieve the desired texture of instant noodles 
(Baik, Czuchajowska, & Pomeranz, 1994) and they vary among the type and quality of 
the final products to be made (Baik, Czuchajowska, & Pomeranz, 1994; Hatcher, 2001). 
Protein content of flour generally ranges form 7% to 9.5% for high quality instant 
noodles and about 11.5% to 12% for cup instant noodles (Hatcher, 2001). In addition, as 
reported by Park and Baik (2004a) increasing the amount of protein in the flour 
increases the firmness and elasticity of cooked instant noodles.  
 
Starch content in wheat flour is also important in relation to the textural properties of 
instant noodles and it is often added in the formulation at a level of 5 - 15% to improve 
its textural properties. The examples of such starches commonly used are potato, waxy 
corn, barley, rice and tapioca as they have the characteristics of quick gelatinisation and 
the ability to maintain a high maximum viscosity (Kubomura, 1998). Park and Baik 
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(2004b) reported that there was a positive relationship between amylose content of 
starch in wheat flour and the firmness of cooked instant noodles.  
 
The purposes of kansui, salt and water in instant noodles are the same as those in other 
Asian style noodles described earlier in Section 2.3.2. One of the main functions of 
kansui in relation to noodle texture is to increase the pH thus toughening the dough by 
strengthening the bonding forces within the starch granules (Hou, 2001). The addition 
of salt in Asian noodles is known to enhance the texture of noodles by strengthening 
and tightening the structure of gluten to increase viscoelasticity (Dexter, Matsuo, & 
Dronzek, 1979). Water on the other hand is added to hold the ingredients together and 
also to assist in gluten development when it is kneaded with the flour which then 
contributes to the formation of noodle structure (Kubomura, 1998).  
 
In the case of instant noodles however, the amount of water plays a more important role 
than that stated above for other Asian style noodles. The doughs for instant noodles 
should have the right amount of water i.e. low enough to promote fast dehydration 
during frying, yet high enough to promote full starch gelatinisation during steaming and 
adequate gluten structure development. Sufficient gluten development is necessary for 
the contribution to noodle texture as well as to minimise excessive softening of noodles 
in hot soup (Crosbie & Ross, 2004).  
 
3.3 The impacts of raw materials on the colour quality of Asian instant noodles 
 
Colour is an important factor in our daily lives as consumers are surrounded by an 
infinite variety of colours. Colour strongly affects our preference for various items in 
our environment (Chamberlin & Chamberlin, 1980). Aside from texture, colour is 
another most important aspect of noodle attributes since it is the first to be perceived by 
the consumers (Hou, 2001). In the case of instant noodles however, colour tends to have 
a different significance compared to texture because instant noodles have low moisture 
content therefore it is very stable (Hou & Kruk, 1998). 
 
Colour of instant noodles and yellow alkaline noodles is mainly affected by the quality 
of flour such as extraction rate (Crosbie & Ross, 2004) and protein content (Miskelly, 
1984), and the addition of kansui. In the context of noodle colour, the addition of kansui 
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is to assist in the development of yellow colour (Kubomura, 1998) as decribed in 
Chapter 2.3.2. The amount of kansui added generally ranges from around 0.2% (Chung 
& Kim, 1991; Hou, 2001; Park & Baik, 2004) to 0.5% (Moss, Gore, & Murray, 1987) 
on a 100% flour basis.  
 
3.4 Additional ingredients for instant noodle quality improvement  
 
Starches such as native or modified potato starch, tapioca starch or other equivalents are 
often added in premium instant noodles to improve the cooking quality by altering the 
texture as well as increasing the rate of rehydration upon cooking (Crosbie & Ross, 
2004). Antioxidants are also often added in the oil to inhibit rancidity of fried noodles 
during storage because fried instant noodles are prone to oxidative rancidity as they 
contain 17 - 22% fat. Antioxidant that are commonly added to the oil for frying noodles 
are butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), a mixture of 
BHT and BHA, and tocopherol (vitamin E) (Hou, 2001).  
   
Stabilisers such as those described more generally for Asian noodles in Section 2.3.3 
have the ability to bind water, hence they are able to reduce oil absorption during frying 
and increase rehydration rate upon cooking of instant noodles. Attractiveness of Chinese 
wet noodles and instant noodles in contrast can be enhanced by adding natural and 
synthetic yellow colorants; riboflavin, tartrazine, sunset yellow, β-carotene and vitamin 
E (Hou, 2001).  
 
3.5 The impacts of processing parameters on the quality of Asian instant 
noodles 
 
The steps of instant noodles making are same as those applied for other Asian style 
noodles described in Section 2.3.4 up to the stage at which the noodle sheets are formed 
into strands by cutting. After this process, the fresh noodles are waved, cut into blocks 
and then followed by steaming, frying and packaging (Corke & Bhattacharya, 1999). 
The thickness of fried instant noodles in bagged form is generally around 1.2 mm with 
the width of 1.5 mm, whereas those packed in a cup are usually made with thickness 
and width of 0.9 mm and 1.3 mm respectively (Hou, 2001). Instant noodle cup and non-
fried types usually have thinner noodle strands to reduce the time of rehydration 
(Nagao, 1996). During the manufacture of instant noodles on a factory scale, waving is 
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carried out using either diverter flaps just behind the cutting blades or by a reciprocating 
conveyer belt. The wave structure allows more efficient steaming and frying (Hatcher, 
2001).  
 
The key characteristic of instant noodles is the convenience of quick cooking which is 
achieved through steaming and drying or deep frying processes. Steaming usually takes 
about 2 - 3 minutes at 98 - 100°C depending on the size of the noodles. The purposes of 
steaming are to help fix the noodle waves by denaturing the protein, and to allow starch 
to swell and gelatinise to a certain extent to facilitate quick rehydration of the finished 
products (Hou, 2001). After steaming, noodles are dehydrated by either vacuum drying, 
air drying or deep frying to finalise the process of instant noodle making. Vacuum  
drying is a newer technology used in frozen noodles to produce a premium quality 
product (Hou, 2001; Hou & Kruk, 1998).  
 
Air drying is divided into two categories; non-expanded, which results in a tight 
structure of the noodles which rehydrates slowly in hot water, and expanded type which 
has a porous internal structure that allows rapid entry of water hence fast rehydration. 
Deep frying is another method of drying where different types of oils are used in frying 
the noodles. In Asia for example, palm oil is often used whereas in North America it is 
commonly a mixture of canola, cottonseed and palm oils (Hou, 2001). Frying the 
noodles reduces the moisture content to 2 - 5% (Kubomura, 1998) and results in fat 
content of about 20%. Weight loss of 30 - 32% for bag noodles and 32 - 33% for cup 
noodles result during frying (Kim, 1996).  
 
An advantage of deep frying (135 - 150°C for 1-2 min in hot oil) is the faster process 
compare to air drying (70 - 80°C for 35 - 45 min by hot blast air) because it uses a much 
higher temperature and shorter time. This results in the production of non sticky noodles 
due to the oil absorption on the surface of noodle strands during frying. Non fried 
instant noodles however have a lower fat content and longer shelf life thus minimising 
fat rancidity of the end products (Hou, 2001; Hou & Kruk, 1998). Fried instant noodles 
generally have a moisture content of 8% (Kim, 1996) and water activity level of 0.5 - 
0.6 in order to provide microbial stability (Kubomura, 1998). Despite their being a 
healthier end product, non fried instant noodles are less popular in Asia compared to the 
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fried instant noodles. This is due to the lack of shortening taste and mouthfeel (Hou & 
Kruk, 1998). 
 
In summary of the literature reviewed in this chapter, whilst there is a considerable 
amount of information published in the scientific literature, there is a lack of original 
reports that have evaluated the formulation and processing of Asian instant noodles. 
Some of the information is not clearly based upon carefully designed experimental data 
which is in an accessible form. It is concluded that there is a need for further systematic 
investigations in this area. In addition, there is relatively little specific data which 
clarifies the potential of food enzymes as ingredients in processing of these products. 
The following chapter reviews this topic with particular emphasis upon the lipases and 
their potential use in processing. 
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Chapter 4 
 
Background and literature review: the significance of lipase in 
food processing 
 
 
The purpose of this chapter is to provide relevant scientific literature on lipases. The 
areas covered include a brief introduction of food enzymes in general, the background 
of lipases as well as a review of the purpose of lipase incorporation into foods especially 
as it relates to the potential application to noodle products. 
 
4.1 Introduction of enzyme 
 
Enzymes are proteins produced by all living organisms and function to speed up 
essential chemical reactions including those of digestion, respiration, metabolism, and 
tissue maintenance (Law, 2002). Typically they work under moderate temperatures of 0 
- 60°C (McNeill, 1999). Enzymes are generally highly specific biological catalysts 
which react on certain chemical compounds referred to as the substrate. For example, 
proteases act on proteins to give shorter polypeptide chains by breaking the peptide 
bonds whereas lipases act on lipids by breaking them down yielding fatty acids and 
glycerol (Law, 2002). Enzymes can be manipulated to work at their best by optimising 
the conditions of the activity, e.g. pH and temperature although altering the genetic 
control of enzyme expression may be used to a certain degree (Taylor & Leach, 1995). 
 
Of the nearly 4,000 enzymes that have been identified, approximately 200 are used 
commercially and the latter number continues to increase rapidly due to the ability of 
enzymes to specifically catalyse a wide range of distinct transformations. Europe is the 
leading producer of commercial enzyme products with around 60% of the total world 
supply of industrial enzymes. Of these, proteases dominate the market by having 
approximately 40% of all enzyme sales (Sharma, Chisti, & Banerjee, 2001). 
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4.2 Food enzymes 
 
Enzymes have been widely used in various food industries to assist in applications as 
diverse as the development of flavour and aroma of wine, the fermentation of beer and 
bread, to create the structure of cheese, tenderise meat, clarify wine, liquefy candy 
centers and many more (Law, 2002). Most raw materials contain naturally occurring 
enzymes that affect the processing of foods in many ways. Plant proteases; papain, ficin, 
and bromelain can be obtained from papaya, fig tree, and pineapple. Barley malt and 
other sprouted grains on the other hand contain a large number of distinct enzyme 
activities including amylases, proteases, lipases, and oxidoreductases (Reed, 1975). 
 
It is significant that some naturally occurring enzymes will be active both during and 
after processing and these may be either deleterious or advantageous for the food 
processor (Tucker, 1995). Examples of deleterious affects include the browning of fruits 
and vegetables by polyphenol oxidase, rancidity of wheat flour resulting from the action 
of lipases and lipoxidases of the germ as well as softening of cucumber pickles by 
pectic enzymes. These undesirable enzymes can be inactivated by applying heat, 
eliminated by removing the germ or inhibited by adding natural inhibitors.  
 
On the other hand, some naturally occurring enzymes are beneficial, with examples 
including the use of natural amylases to assist the curing process of sweet potatoes 
thereby giving a desirable texture. A further example is the clarification of fruit juices 
by pectic enzymes in apples and grapes (Reed, 1975). 
 
4.3 Review of lipase enzymes 
 
Lipases are widely distributed in plants, animals and microorganisms (Akoh, Sellapan, 
Fomuso, & Yankah, 2002; Hou, 2002). They are a group of enzymes that catalyse the 
hydrolysis of triglycerides (acylglycerols) to produce glycerol and free fatty acids (Hou, 
2002). Lipases are involved in various stages of lipid metabolism including fat 
digestion, absorption, reconstitution, and lipoprotein metabolism. In contrast, lipases are 
found in energy reserve tissues in plants (Sharma et al., 2001). The presence of long 
chain fatty acids as a result of lipase action is responsible for the soapy flavours in 
Chapter 4 
 
 31 
foods, while rancid flavours are produced due to the subsequent oxidation of 
unsaturated fatty acids (Tombs, 1995). 
 
A major group of plant lipases are those found in oilseeds and cereal grains (Mukherjee, 
2002) such as wheat, oat, rye, cotton, soybean, and castor bean (Shahani, 1975). Animal 
lipases have been described as including pancreatic, gastric and pregastric lipases (Hou, 
2002). The animal enzymes are produced primarily by the pancreatic gland and are also 
found in blood, muscle tissue and milk. Microbial lipases, on the other hand, produced 
by various bacteria, yeasts and fungi and the most commonly utilised include those from 
Pseudomonas sp., Achromobacter sp., Staphylococcus sp., Candida sp., Mucor sp., 
Aspergillus sp., Rhizopus sp., and Penicillium sp. (Shahani, 1975; Uhlig, 1998). 
 
The lipases which have been most thoroughly studied are those from the pancreas, 
although commercially those produced from bacteria and fungi are more commonly 
used. The reasons for this are the stability, large scale availability and the ability of 
microbial lipases to catalyse a range of reactions as opposed to lipases from other 
sources (Akoh et al., 2002; Hou, 2002).  
 
Lipases are typically water soluble but their natural substrates are not water soluble 
(McNeill, 1999) with the latter including plant and animal fats and oils (Uhlig, 1998). It 
has been reported that the activity of lipases is greatly enhanced when a hydrophobic 
phase is formed and enzyme activity appears to occur at the interfaces. This 
phenomenon is known as interfacial activation (Marangoni, 2002).  
 
On the basis of their specificity, lipases can be categorised into three groups; positional, 
substrate, and stereospecific (Marangoni, 2002; Wong, 2003). Positional specificity is 
where lipases react to release fatty acids preferentially at the primary ester, secondary 
ester or at all esters (Jensen, Dejong, & Clark, 1983). Substrate specificity on the other 
hand is related to lipases ability to preferentially hydrolyse one particular type of 
glycerol esters which may be triglycerols, diglycerols, monoglycerols or phospholipids 
(Hou, 2002). In addition, stereospecificity is where lipases hydrolyse the two primary 
esters at different rates (Jensen et al., 1983) 
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4.4 Factors affecting lipase activity 
 
It has been reported that lipase activity is affected by several factors, namely pH, water, 
temperature, substrate composition, product composition, and the lipase content 
(Marangoni, 2002; Uhlig, 1998). The optimum pH of most lipases occurs between 7.5 
and 9.0, with microbial lipases active between pH 5.5 and 8.5, and milk lipases between 
4.1 and 6.5 (Uhlig, 1998). In addition, lipase isolated from gastric tissue is apparently 
the only lipase with an acidic pH optimum (Wong, 2003).  
 
Water activity, (aw) plays a very important role in determining the direction of reaction 
towards either hydrolysis (forward reaction) or interesterification (reverse reaction) 
(Hou, 2002; Marangoni, 2002). Interesterification is the exchange of fatty acids between 
different esters involving sequential hydrolysis followed by esterification reactions 
(McNeill, 1999). Higher water contents, in excess of 1% leads to high degrees of 
hydrolysis reaction, whereas limited water levels, of lower than 0.01%, can prevent full 
hydration of the lipase and reduce the initial rate of hydrolysis (Goderis et al., 1987).  
 
Increasing the temperature increases the rate of interesterification, but very high 
temperatures can reduce the reaction rate due to irreversible denaturation of the enzyme, 
therefore immobilisation has been applied to improve their stability under high 
temperature conditions (Marangoni, 2002). According to Malcata et al. (1992), the 
optimum temperature for most immobilised lipases is between 30 - 62°C whereas for 
free lipase the optimum temperature lies between 30 - 40°C (Shahani, 1975). In food 
industry applications, since organic solvents easily solubilise the substrates, the 
temperature are usually lower than in systems where organic solvents are avoided. 
Substrate composition in contrast is important because it affects the rate of hydrolysis 
and interesterification by lipase (Marangoni, 2002).  
 
4.5 Industrial uses of lipases 
 
Lipases are widely used in various industries including pharmaceuticals, drugs and 
foods. More widely they are applied in the detergent industry, for pulp and paper, 
organic synthesis, bioconversion in aqueous and organic media, resolution of racemic 
acids and alcohols, regioselective acylations, esters synthesis as well as oleochemical 
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industry (Sharma et al., 2001). In Japan Rhizopus or Aspergillus lipases are utilised in 
the pharmaceutical industry as substitutes for pancreatin. Lipases from Pseudomonas 
and from transformed fungal strains are recommended for application in detergents 
since they are active and stable are in alkaline pH conditions (Uhlig, 1998). 
Requirements for lipases used in detergents are that they should have a relatively broad 
substrate specificity so that they are able to hydrolyse fats of various compositions. In 
addition, they should have an ability to withstand harsh washing conditions (pH 10 – 
11, 30 – 60°C) as well as also be able to withstand damaging surfactants and the action 
of other enzymes which are normally included in the detergent formulations (Sharma et 
al., 2001). Lipases are also used in the drug industry to produce an intermediate for the 
synthesis of an antihypertensive drug (Hou, 2002). 
 
The role of lipases in the food industries is generally to modify relatively inexpensive 
and less desirable lipids to provide a higher value fat. This is done by altering the 
location of fatty acid chains in the glyceride and replacing one or more of the fatty acids 
with new ones (Pabai, Kermasha, & Morin, 1995). In certain foods lipases have been 
reported to produce desirable and distinguishing flavours such as the development of 
specific flavours in blue and Roquefort cheeses from Penicillium lipase, as well as to 
impart the characteristic flavour of milk chocolate candy and buttermilk pancakes 
(Shahani, 1975). Their use of these enzymes in oils and fats operates over a range of 
temperatures and pressures under mild reaction conditions to minimise the formation of 
side products (Hou, 2002).  
 
It is known that lipases are able to hydrolyse lipids and produce rancid flavours in milk 
products, meat, fish, and other food products containing fat if they are not appropriately 
controlled (Shahani, 1975). In various types of bread, lipases have been verified to 
increase the loaf volume as well as improve the crumb structure making it more silky 
and uniform. Lipase can also partially or fully replace emulsifiers in bread formulation 
(Si & Drost-Lustenberger, 2002).  
 
Aside from food and pharmaceutical industries, lipases have also been used in leather 
manufacture by mixing them with proteases to remove residual fats in the processing of 
hides and skins. Lipases are also used in waste treatment to remove layers of fat from 
the surface of aerated tanks to permit oxygen transport (Hou, 2002). 
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4.6 The potential use of lipase in noodles 
 
Speckiness and colour are important aspects in noodle manufacturing. Speckiness is 
caused by the level of flour extraction or ash content (Si & Drost-Lustenberger, 2002) 
while darkening of raw noodles or noodle dough is affected by several factors as 
described in Section 2.3.2. It has been claimed that these problems can be overcome by 
adding fungal lipase into the formulation: Si and Drost-Lustenberger (2002) have 
referred to increases in the amount of lipase decreasing the speckiness and increases the 
brightness of noodle dough sheets. No speculation or evidence on how lipase might be 
influencing speckiness has been provided by these authors. In a subsequent review on 
noodles it has also been asserted that lipases are able to reduce stickiness whilst 
simultaneously increasing firmness and cooking tolerance of noodles (Crosbie & Ross, 
2004). 
 
In the research project reported in this thesis, a fungal lipase referred to commercially as 
Noopazyme™ and produced by the Novozyme company, has been used to investigate 
the impact of the quality of instant noodles. According to the manufacturer, the use of 
this particular product, Noopazyme, in both noodles and pasta is said to reduce 
speckiness of the dough, increase colour stability during processing, increase firmness, 
reduce stickiness, increased tolerance against overcooking, increase the brightness of 
cooked noodles and the whiteness of white salted noodles, reduce drying time for dried 
pasta, and reduce checking of pasta products. 
 
Improvement of the texture by having smoother surface, firmer, and reduced stickiness 
may be achieved by the ability of the enzyme to increase the number of amylose-lipid 
complexes in the flour which inhibits the swelling of starch granules as well as the 
leaching of amylose that occurs frequently during cooking. Furthermore, the ability of 
this enzyme to increase the strength of the available gluten in the flour makes it very 
useful to improve the quality of noodles and pasta where lower quality, lower protein 
flours are used (Pszczola, 2001).  
 
In summary, lipases are a group of enzymes which may be useful beyond the reported 
applications in various industries as new preparations have been released that may offer 
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advantages in the manufacture of Asian noodles. To date there have been no papers 
specifically reporting the evaluation of such preparations under controlled experimental 
conditions, particularly as they relate to the processing of instant noodle products. 
Accordingly the current project seeks to investigate the potential of such enzymes for 
these applications. 
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Chapter 5 
 
Summary of background and description of the project aims 
 
 
The purpose of this chapter is to summarise the background within which this research 
has been developed and to describe the aims of the project.  
 
5.1 Summary of instant noodles background and significance of the project 
 
Wheat is a staple of the food supply in many countries. In many countries in Asia, 30 - 
40% of wheat flour is used for making various types of noodle products. For these, 
texture and colour are two of the primary aspects in noodles that influence consumer 
acceptance and preferences. Instant noodles are a type of Asian noodles that are 
Becoming increasingly popular in western countries due to its convenience (Rho, Seib, 
Chung, & Chung, 1986) and are now consumed in more than 80 countries (Kubomura, 
1998), with production continuing to  increase rapidly. 
 
The attributes of instant noodles are affected by various components and factors and 
these include the starch and protein as well as other ingredients in the formulations and 
processing variables (Hou, 2001). Whilst there have been many studies seeking to 
enhance the quality of Asian noodles, most of these have investigated yellow alkaline 
and white salted noodles, while not as many studies have focussed upon instant noodles. 
This project was therefore developed to extend our knowledge in this important area. 
 
5.2 Hypothesis 
 
This project has been based upon the hypothesis that the quality of Asian instant 
noodles may vary significantly as a result of the incorporation of different types of 
ingredients used in the formulation as well as the processing steps and parameters 
applied during manufacture. 
Chapter 5 
 
 37 
 
5.3 Project aims 
 
The aims of this project have been: 
 
1   To evaluate methods for measurement of texture and fat in instant noodles: TA-
XT2 procedures for texture measurement were evaluated in terms of probe size, sample 
alignment and presentation. Methods for fat measurement by acid hydrolysis are also 
investigated. These include the amount of the sample to be tested and the number of re-
extractions. Both procedures for texture and fat measurement are then concluded on the 
basis of their precision. 
 
2   To investigate commercial Asian instant noodles: a range of products was analysed 
to compare the quality of each sample as a basis and reference for further study. 
Noodles were evaluated for their appearance and cooking properties. These include 
colour, texture, fat, moisture content, cooking weight and cooking loss.  
 
3   To study the relationship of protein content in the flour and the quality of instant 
noodles: bakers flour and reconstituted flour with different amounts of protein were 
used for making instant noodles. Reconstituted flours are made by varying the amount 
of gluten and starch, and evaluations were performed by looking at the microstructure, 
texture and fat uptake of each sample. The microstructures are also compared with those 
of commercial samples. 
 
4   To optimise and analyse the impact of processing and formulation in the attributes 
of instant noodles: instant noodles were prepared on a laboratory basis by varying the 
processing conditions and formulation to evaluate its impact on the quality of the final 
products. Parameters varied were the time and temperature of frying, time of steaming, 
number of folding, time of mixing and resting, amount of salt and kansui, and varying 
the amount of alkaline salts. The analytical data were optimised and compared with 
those obtained from the commercial samples in order to ensure the validity of the results 
to the commercial situation.  
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5   To study the impact of lipase in reducing the specks in noodle dough: instant 
noodles were made by adding a small amount of bran and lipase into the flour. Noodle 
sheets were then steamed and the specks counted. The optimal amount of lipase for the 
reduction of the specks was determined by using the statistical program Design Expert 
version 7.1. 
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Chapter 6 
 
Materials and methods 
 
 
The purpose of this chapter is to describe the materials, equipments and methods used 
during this study. This covers the procedures of sample preparation, sample 
arrangements when using TA-XT2, the use of ESEM, instant noodle making and 
assessment as well as statistical analysis of the final product.   
 
6.1 Materials  
 
Preliminary studies were performed on nine randomly selected commercial instant 
noodles purchased from various retail outlets in Melbourne. While instant noodles for 
the main studies were made on a laboratory scale. Various analysis were done on the 
quality of these samples, such as colour and texture measurement, moisture and fat 
content, as well as the cooking weight and cooking loss. Details of the commercial 
samples and ingredients used for making instant noodles are listed in Tables 6.1 and 6.2 
respectively. Chemicals used for fat assessment were diethyl ether, hexane fraction and 
hydrochloric acid, which were all supplied by Ajax Finechem from New South Wales.   
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Table 6.1 List of commercial instant noodles used in the preliminary 
experiments 
 
Brand 
name 
Ingredients Batch 
number 
Manufacturer and country 
of manufacture 
Four 
Seas 
Wheat flour, starch, palm oil, 
salt, monosodium glutamate, 
soy sauce 
2005.12.
17.A 
China 
Indomie Wheat flour (67%), refined 
palm oil (contains antioxidant 
319), tapioca starch, salt, 
mineral salts (501,500), 
vegetable gum(412), colour 
(101) 
CBTA22
228 
PT. Indofood Sukses 
Makmur, Indonesia 
Maggi Wheat flour, palm oil, salt, 
riboflavin, stabiliser 
5272113
7AR 
Nestlé, Malaysia 
Mama Wheat flour, palm oil, salt 30 8 
05CF 22 
Thai President Foods Public 
Co. Ltd, Thailand 
Nissin Wheat flour (69%), palm oil 
(contains antioxidant 306), salt, 
mineral salts (501,500) 
Not 
declared 
Nissin Food Products Co. 
Ltd., Hong Kong 
Nong 
Shim 
Wheat flour (71%), potato 
starch, palm oil, salt 
Not 
declared 
Nong Shim Co. Ltd., Korea 
Trident  Wheat flour, palm oil, salt, 
edible gum (412) 
54S B11 Manassen Foods Australia 
Pty. Ltd., Australia 
Vina 
Acecook 
Wheat flour, shortening, salt, 
sugar, monosodium glutamate 
Not 
declared 
Acecook Vietnam Co. Ltd., 
Vietnam 
Wei Wei Wheat flour (58%), refined 
palm oil, starch, salt 
Not 
declared 
Vedan Enterprise 
Corporation, Taiwan, 
R.O.C. 
 
Note additive code numbers correspond to:  
mineral salts (500,501): Sodium carbonate, Potassium carbonate (respectively) 
 
vegetable gum(412): Guar gum  
 
antioxidant (306): Tocopherols concentrate, mixed  
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Table 6.2 Ingredients used for making instant noodles  
  
Ingredients Description, batch or lot 
number 
Supplier 
Bakers flour Gem of The West Manildra Group, New South 
Wales 
Bran Untreated sample from 
laboratory milling 
Agrifood Technology, 
Werribee 
Canola oil Countrywide, E-05023 Peerless Holdings Pty Ltd, 
Victoria 
Cottonseed oil Country Cotton Peerless Holdings Pty Ltd, 
Victoria 
Gluten Vital wheat gluten Starch Australia Ltd, New 
South Wales 
Lipase Fungal lipase (300 KLU/g), 
Noopazyme K, LA103011 
Novozymes Australia, Pty 
Ltd, New South Wales 
Palm oil Palmfry, SPF070012 Jasper International Pty Ltd, 
Melbourne, Product of 
Malaysia 
Peanut oil Golden Fields, 230108 21:59 Steric Trading Pty Ltd, New 
South Wales 
Potassium carbonate 
 
Anhydrous potassium 
carbonate, CAS 584-08-7, 
6814KDTT 
Mallinckrodt Inc, Kentucky 
Sodium carbonate Sodium carbonate anhydrous, 
CAS 497-19-8, 10476 
Ajax Finechem, New South 
Wales 
Salt Table salt Pacific Salt Pty Ltd, 
Victoria 
Starch Wheaten corn flour Starch Australia Ltd, New 
South Wales 
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6.2 Apparatus and equipment 
 
A variety of equipment and apparatus were used in the preparation and evaluation of 
instant noodles. The details of these items together with the manufacturer and model 
number are listed in Table 6.3. 
 
Table 6.3 Description of equipment and instrumentation 
  
Equipment Manufacturer Model No. 
Chroma meter Minolta Camera Co Ltd, 
Osaka, Japan 
CR100 
Deep fryer Sunbeam, China DF4400, Type 529 
Electron microscope  FEI Company, USA Quanta 200 ESEM 
Hot plate Industrial Equipment & 
Control Pty Ltd, Australia 
CH2093-001 
Kenwood mixer Thorn Emi Domestic 
Appliances (NZ) Ltd, 
Auckland 
A901E, Serial no. 
0052354 
Microscope slides Sail Brand, China JIA7101WT 
Oven H.B. Selby & Co Pty Ltd, 
Australia 
Serial no. A1589 
Pasta machine and cutting 
attachment for noodle 
Marcato, Italy Atlas 150 wellness 
Texture analyser (TA-XT2) Stable Microsystems, 
England 
TA-XT2 
Thermometer Hanna, Romania HI93503 
Steamer Sunbeam, China RC2610, Type 638 
Weighing balance (analytical) AND, Japan HM-200, Serial no. 
13503842 
Weighing balance  UWE, Taiwan HGS-6000, Serial no. 
Q6611  
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6.3 Laboratory procedures for manufacture of Asian instant noodles 
 
Instant noodle samples in this project were prepared on small laboratory scale by 
slightly modifying the method described by Moss et al. (1987). 
 
6.3.1 General procedures for the preparation of instant noodles 
 
Mixing: Salt (1%) and kansui (0.2%) [K2CO3 : Na2CO3 (6:4)] were mixed with distilled 
water (35%). This salt mixture was added to the bakers flour over a period of 30 
seconds in the mixer at speed 1.  Mixing continued at speed one for further 1 minute 
where the mixer was then stopped to scrap down the bowl and beater. Further mixing 
was continued for 4 minutes at speed 4 and stopped at 2 minutes interval for scraping 
the bowl and beater. The resultant dough had a moist breadcrumb consistency which 
was then turned into a dough sheet. The formulation of salt and kansui, as well as 
mixing times was varied according to the experiments conducted throughout the studies. 
 
Resting and sheeting: Dough crumb was turned into a ball and flattened using rolling 
pin to fit the maximum gap (3 mm) of the pasta machine. The dough sheets were then 
passed through the roller 4 times and folded into half each time. Subsequently the sheets 
were rested for 30 minutes in a zip lock bag and the thickness of the dough sheets was 
reduced to 1.2 mm by passing them through the rollers three times on each gap. 
Different resting time and number of folding applied when instant noodle samples were 
made for the purpose of investigating the impact of these factors on the end quality of 
the final product.  
  
Cutting: The sheets were then cut to 2 mm width strands using the cutting roll 
attachment of the pasta machine. 
 
Processing: The fresh noodles were steamed for 2 minutes then fried at 150°C for 45 
seconds. During steaming and frying, noodle strands were placed loosely on the steamer 
tray and frying basket respectively to facilitate thorough cooking. Instant noodles were 
then air dried for 30 min and kept in a zip lock bags. Steaming, and frying time and 
temperature were varied to investigate the optimum steaming and frying condition of 
instant noodles. 
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6.3.2 Preparation of instant noodles with the addition of bran and lipase 
 
The procedures for preparing instant noodles were generally the same as that described 
in Section 6.3. The formulation and processing conditions were however different. In 
this study the noodles were made according to the optimum conditions obtained from 
the studies which are later described in Chapter 8 and Chapter 9. These involved the 
incorporation of bran (0.5%) and lipase at levels of up to 600 KLU/kg flour which 
corresponds to 0.2%. For these samples, once noodle sheets were formed, half of the 
portion was cut into strands, steamed and fried as described earlier for preparation of 
instant noodles, while the remainder of the sheets were cut into circles of 7.8 cm 
diameter and these were then steamed and used for counting of the specks.  
 
6.4 Procedures for analysis of Asian instant noodles quality 
 
6.4.1 Determination of optimum cooking time 
 
Instant noodles for evaluation of quality in this study were cooked to the optimum time 
of each individual sample. Determination of optimum cooking time were achieved by 
using method similar to that previously described (Oh, Seib, Deyoe, & Ward, 1983) 
where 10 g of instant noodles were boiled in 1000 mL of boiling tap water and after 
each minute of cooking for the first 2 minutes, noddles were removed and squeezed 
between clear glass slides. This procedure was then repeated by removing the noodles 
every 15 seconds until the white core disappeared. This point is the optimum cooking 
time.  
 
6.4.2 Determination of cooking weight and cooking loss 
 
Cooking weight and cooking loss were determined by methods modified from Oh, Seib, 
and Chung (1985) and AACC International (2000) Approved Method 66 - 50 
respectively. Each sample was carried out in triplicate. Instant noodles (10g) were 
cooked in 300 mL of distilled water in a beaker to their optimum cooking time, rinsed 
with distilled water, drained and left to cool for 5 minutes at room temperature. The 
cooled cooked noodles were then reweighed and results recorded as % increase on 
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cooking. Residual water was removed by drying in the oven at 100°C, followed by 
cooling and weighing. Results are reported as % weight loss during cooking 
 
6.4.3 Determination of moisture content 
 
Moisture contents were measured by slightly modifying the air oven method (AACC 
International, 1995) and each sample was carried out in triplicate. Empty aluminium 
moisture dishes with lids were first dried into a pre-heated oven (100 ± 1°C) for 1 h. 
The dishes and lids were then cooled for 30 min in a desiccator containing active silica 
gel desiccant and weighed. Approximately 2 g instant noodle pieces were accurately 
weighed into the pre-weighed dishes and placed into the oven with the lids placed under 
the respective dishes. These samples were dried at 100 ± 1°C for 1 h and cooled in a 
desiccator for 30 min. The process of drying, cooling and weighing was repeated until 
constant weight obtained. Results were calculated in percentage using the following 
equation: 
 
6.4.4 Determination of fat content by Soxhlet method 
 
This procedure was applied in preparation of samples for ESEM. Instant noodle pieces 
(approximately 2 g) were accurately weighed to 4 decimal places and placed into a 
porous thimble and it was then transferred into the Soxhlet assembly. Petroleum ether 
was added to the Soxhlet assembly and sample was extracted for 5 hours. Residues were 
then dried in an oven at 50°C overnight. The dried samples were accurately re-weighed 
the next day and the fat content was calculated using the following equation: 
 
Loss in weight of dish, lid and sample  
Moisture content (%) = Initial weight of sample 
× 100 
Initial weight of sample – final weight of sample 
Fat content (%) =   
 Initial weight of sample 
× 100 
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6.4.5 Determination of fat content by acid hydrolysis 
 
This procedure was applied in the routine analyses of instant noodle sample including 
for investigation of fat uptake during processing. Measurement of fat uptake by acid 
hydrolysis method was done by slightly modifying the method described by James 
(1995). Samples of instant noodles were ground using mortar and pestle. Approximately 
4 g of the ground samples was weighed accurately to 4 decimal places into the 
Mojonnier tube and 18 mL of 6M HCl added into the tube to digest the samples. 
Samples were then heated for 30 minutes by placing the Mojonnier tube into a boiling 
water bath before cooling to room temperature by placing the tube into a beaker of cool 
tap water. Diethyl ether (25 mL) and hexane fraction (25 mL) were added consecutively 
into the cooled tube for extraction.  
 
The tube was then inverted a few times and the pressure released by carefully lifting the 
lid. Once the pressure has been released, the tube was shaken vigorously for 60 seconds. 
The contents formed 2 layers and the top layer was decanted into a dry, pre-weighed 
evaporating dish (cleaned evaporating dish was dried in an oven at 100°C for 1 hour, 
cooled in a desiccator for 30 minutes and weighed) which was then evaporated by using 
a steam cone. The samples were re-extracted two more times. 
 
It was followed by drying the fat in the evaporating dish in an oven at 40°C for 1 hour, 
cooling in a desiccator for 30 minutes and weighing the dish including the fat accurately 
to 4 decimal places. This process of drying, cooling and weighing was repeated until 
constant weight obtained. Each sample was carried out in triplicate and results were 
presented as an average of the three values. The fat content was calculated using the 
following equation: 
 
(Weight of dish + oil) – weight of dish 
Fat content (%) =   Initial weight of sample 
× 100 
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6.4.6 Colour measurement  
 
The colour of noodle sheets and instant noodles were determined by using Minolta 
chroma meter (Moris, Jeffers, & Engle, 1999; W. Park, Shelton, Peterson, Wehling, & 
Kachman, 1997; Seib, Liang, Guan, Liang, & Yang, 2000) (CR-100) (Figure 6.2). The 
instrument was first calibrated using the white calibration tile supplied by the 
manufacturer. Three different colour parameters; L*, a* and b* were recorded. The L* 
value measures the lightness with higher number being brighter, whereas the a* value 
measures the balance between redness and greenness of the samples which were 
indicated by positive and negative numbers respectively. The b* value in contrast 
indicates the balance between yellowness (+) and blueness (-) (C. S. Park & Baik, 
2004b). 
 
The colour of the samples was taken at two stages of the process; after final sheeting 
and after frying. After final sheeting, just before cutting the sheets were placed into a 
clear zip lock bag and colour was measured through the bag, and readings were taken of 
both sides of each sheet. In contrast for the fried instant noodles, colour was taken the 
next day of the processing where approximately 15 g samples were ground using mortar 
and pestle (C. S. Park & Baik, 2004a) and packed into a small zip lock bag (9 x 7 cm). 
In both cases, the colour of the samples was measured through the transparent bag using 
chroma meter (Minolta CR-100) and 5 measurements were taken for each sample by 
moving the measuring head randomly to different locations on the surface of the sample 
between readings.  
 
6.4.7 Counting of specks 
 
The specks on both sides of each sheet were counted using colony counting and average 
was taken from three steamed noodle sheets. Pictures of raw, steamed and fried noodle 
sheets are presented in Figure 6.1. Specks were not clearly visible in either the raw or 
fried sheets. The latter showed excessive blisters which made it hard to observe, 
therefore counting of specks was done on steamed noodle sheets for which the specks 
were most apparent.  
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Figure 6.1 Noodle sheets with specks; (A) raw, (B) steamed, (C) fried  
 
 
6.4.8 Sample preparation for texture measurement 
 
Preparation of the samples for texture measurements included the cooking of 10 g of 
instant noodles in 1000 mL of boiling tap water to the optimum time. The cooked 
noodles were then immediately rinsed with running cold tap water for 1 min, drained 
and kept in a plastic container for 10 min after cooking before taking the measurements 
as suggested by AACC International Approved Method 66 - 50 (AACC International, 
2000) and Oh et al (1983).  
 
6.4.9 Texture analysis  
 
Texture measurements in this study were obtained using TA-XT2 Texture Analyser 
(Stable Micro Systems, London, England) (Figure 6.3) as used by Park and Baik 
(2004a), Cato, Halmos, and Small (2006) and many others (as described in the review 
by Ross (2006)) for measuring the texture of Asian style noodles. Whilst many different 
methods have been applied and different probe geometries utilised, the approach 
adopted here is based that used in many previous studies of noodle texture (Ross, 2006). 
 
The instrument was first calibrated using 5 kg load cell and the return trigger path was 
15 mm. The settings were as follows; mode setting was on measure force in 
compression; pre-test speed, test speed and post-test speed were all set to 2.0 mm/sec; 
strain was on 75%; trigger type was set on auto 10 g; and either 35 mm (Stable Micro 
Systems, 2000) or 45 mm of cylinder probe were used for different tests purposes. The 
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noodle strands were arranged completely flat and as closely as possible to each other. 
Five measurements were taken for each sample and fresh sub samples were used for 
each measurement. This was completed within 30 minutes after cooking and the results 
were presented as noodle hardness in Newton (N) which was obtained from the peak of 
the graph.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.2 Minolta chroma meter CR100 
 
 
6.4.10 Microstructure analysis  
 
The microstructure of instant noodles was evaluated by using FEI Quanta 200 ESEM 
(FEI Company, USA) (Figure 6.4). The outer surfaces of the noodle strands were 
observed and strands were also snapped manually in order that the cross sectional 
appearance could be seen. In all cases a small piece of the noodle strand was attached to 
a silver stub and examined using low vacuum mode (20 kV), pressure 0.5 Torr and spot 
size 5. In the case of cooked noodles, samples were examined immediately after 
cooking by placing a small piece of cooked noodle strand into a metal container. 
Sample was then freeze dried at 4°C and observed using ESEM mode at high vacuum 
(30kV), pressure 6 Torr and spot size 5.  
 
 Figure 6.3 Texture analyser 
TA-XT2 
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6.4.11 Experimental design and statistical analysis 
 
Experimental design and the optimum condition of the formulation and processing of 
instant noodles were performed using Design Expert (Nath & Chattopadhyay, 2007) 
version 7.1 (Stat-Ease Inc, Minneapolis). Experiments were generally conducted in 2 
variables with 13 random combinations which include 5 centre points according to 
response surface methodology (RSM) (Sin, Yusof et al. 2006; Nath and Chattopadhyay 
2007) following second order central composite face centered design (Sin, Yusof, 
Sheikh Abdul Hamid, & Abd. Rahman, 2006). The effect of the independent variables 
on the responses (Y) in all experiments was modelled using polynomial regression that 
was used to predict the responses. In the case where 2 independent variables were 
involved, Eq. (1) was used. The term b0 in the equation below indicate the value of the 
fixed response at the centre point, b1 and b2 are linear, b11 and b22 are quadratic, and b12 
is interaction coefficients 
 
Y = b0 + b1X1 + b2X2 + b11X12 + b22X22 + b12X1X2     (1) 
 
Other variations involved in completing the experiments in 20 or 10 combinations 
which include 6 or 4 centre points respectively. Study of 20 combinations was applied 
for the investigation of mixing and resting of instant noodles (Chapter 8.4) where 3 
factors were involved. This was also done according to RSM following second order 
central composite face centered design. However, in this case, Eq. (2) was used instead.  
 
Y = b0 + b1X1 + b2X2 + b3X3 + b11X12 + b22X22 + b33X32 + b12X1X2  + b13X1X3 + b23X2X3 
(2) 
 
The last variations were of 10 combinations which were performed for the evaluation of 
kansui ratio which include 2 independent variables (Chapter 9.3). This study was done 
according to RSM second order hexagonal design since it gives a more suitable design 
than the central composite design by having broader range of combinations. 
Experiments were done randomly to minimise the unexplained variability in the 
experimental responses due to extraneous factors. The validity of each model was then 
verified by conducting one sample T test using SPSS 13 (SPSS Inc, Illinois) (Nath & 
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Chattopadhyay, 2007) and good agreement must exist between the predicted and 
experimental value (Sin, et al., 2006).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.4 The ESEM instrument used in the current study (FEI Quanta 200 
ESEM) 
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Chapter 7 
 
Results and discussion: preliminary experiments on the 
quality measurements of Asian instant noodles  
 
 
The purpose of this chapter is to describe and discuss the results obtained on the 
evaluation of TA-XT2 for textural analysis as well as the acid hydrolysis method for fat 
extraction. The quality measurements of commercial instant noodles and instant noodles 
prepared from reconstituted flour are also presented.  
 
7.1  Introduction 
 
In the preliminary experiments, several tests were carried out to analyse the texture and 
microstructural characteristics of instant noodles. Texture analysis using the TA-XT2 
instrument as has been recently applied successfully by Cato, Halmos and Small (2006), 
Guo, Shelton, Jackson, and Parkhurst (2004), and Park and Baik (2004a) among others, 
and ESEM was also used in the work reported by these workers.  
 
Initially, the use of TA-XT2 with different sizes of the cylinder probe and the 
importance of sampling arrangement on this apparatus were studied. The procedure of 
acid hydrolysis was evaluated and fat extraction of instant noodle samples with different 
treatments was also carried out to investigate the effect of different protein content in 
the flour on the fat uptake of instant noodles during frying. Quality measurements of 
nine different brands of commercial instant noodles were also evaluated. The objective 
of these experiments was to study the use of TA-XT2 and the procedure of acid 
hydrolysis, to evaluate the quality of commercial instant noodles, and to investigate the 
relationship between fat and protein content on the texture of instant noodles.  
 
7.2  Evaluation of sample alignment and presentation on TA-XT2 
 
The first part of this study involved the comparison of different probe size, number of 
strands and the positioning of the samples on the bed surface. The variations were 35 
mm and 45 mm cylinder probes, 2 and 5 strands of cooked noodles, and laying the 
strands in the centre and horizontally and vertically across the bed surface. These 
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comparisons were done on two of the nine brands of instant noodles selected for the 
survey of commercial samples here, Indomie and Nong Shim. Measurements in this part 
of the study were taken by arranging the samples so that the rolled surface was facing 
upwards. 
 
The second part of the study was the investigation in placing the noodle strands at 
different angles. Comparison was made by comparing the hardness of the samples taken 
by compressing the rolled surface of the strands to those measurements taken by 
compressing the cut surface. These measurements were done on each of the nine brands 
of commercial instant noodles. All measurements for this part were prepared by using 2 
strands of cooked noodles and by placing the samples in the centre and horizontally 
across the bed surface. 
 
7.2.1 Variation on probe size and sample arrangements  
 
Hardness measurements taken with different sample arrangements and different size of 
cylinder probe (35 mm and 45 mm) are presented in Table 7.1. Noodle samples of both 
different brands showed similar trends in the results.  
 
Table 7.1 Hardness measurements of samples compressed with different sample 
arrangements and probe of different sizesa 
 
 Indomie Nong Shim 
Variation Hardness (N) 
P/35 
Hardness (N) 
P/45 
Hardness (N) 
P/35 
Hardness (N) 
P/45  
2 strands, horizontal 12.7 ± 2.3 26.6 ± 4.0 20.5 ± 2.0 25.4 ± 1.5 
2 strands, vertical 13.1 ± 1.4 28.1 ± 2.9 19.1 ± 4.7 25.2 ± 3.1 
5 strands, horizontal 21.1 ± 2.6 36.8 ± 13.2 25.4 ± 4.1 34.9 ± 5.9 
5 strands, vertical 22.5 ± 3.4 28.1 ± 15.1 25.8 ± 3.3 22.8 ± 5.0 
a Each figure represents a  mean ± standard deviation of 5 measurements. 
 
Samples compressed using the 35 mm probe generally gave lower force values 
compared to those using 45 mm probe except for Nong Shim when placing 5 strands 
vertically across the bed surface. Lower force measurements were obtained when 2 
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strands of cooked noodles were used compared to 5 strands. This is because force is 
directly proportional to mass and length, therefore as the mass and the width of the 
samples are higher, the force will also be higher. Generally, results for all of these three 
aspects were different when compared within each variation, however it did not show 
any significant difference statistically (data not shown). All further studies reported here 
were carried out with the P/35 probe. 
 
7.2.2 Comparison between rolled and cut surface 
 
Hardness measurements taken by compressing the cut surface of the strands result in 
values indicating softer textures compared to those of the rolled surface for all of the 
samples except Trident (Table 7.2). This probably due to the different widths of the 
sample surface to be compressed as cut surface has a narrower width, hence gives a 
lower force compare to the rolled surface where the width is larger. The same factors as 
described in the first part of the experiment probably also apply here where 
measurements were taken using 2 strands gave a lower force compare to 5 strands.  
 
Table 7.2 A comparison of hardness measurements between rolled and cut 
surfacea 
 
a Each figure represents a mean of 5 measurements. 
Means followed by the same letter within a column are not significantly different at p< 0.05. 
* within a row indicate significant different at p < 0.05. 
** within a row indicate significant different at p < 0.01. 
 Hardness (N) 
Brand Rolled surface Cut surface 
Four Seas 25.2b** 16.1bc** 
Indomie 18.0cde** 13.9cd** 
Maggi 15.2cd* 11.6d* 
Mama 18.4 de** 8.0e** 
Nissin 15.0c 13.7cd 
Nong Shim 14.9c 12.4d 
Trident 17.3cde 17.5b 
Vina Acecook 15.8cd** 11.9d** 
Wei-Wei 19.6e** 5.9e** 
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When measurements between rolled and cut surface were compared within each of the 
nine commercial instant noodles, the data showed a statistically significant difference 
for most of the samples except for Nissin, Nong Shim and Trident (Table 7.2). These 
three samples did not differ significantly in the hardness measurements when taken 
either by compressing the rolled or cut surface. The likely reason for this is that these 
samples had a very small width of the cut surface - as the noodles cooked the strands 
appeared to become almost rounded, giving a similar width on both surfaces. Unlike the 
other six samples where the cut surface was obviously smaller in width than the rolled 
surface hence giving significant results.  
 
7.3 Evaluation of acid hydrolysis method 
 
The number of fat extraction by using acid hydrolysis method and the amount of sample 
were studied to determine a more effective and precise procedure. A sample of 
commercial instant noodle, Trident brand was used for this evaluation which was 
carried out in triplicate. The first evaluation involved decanting the non-polar layer to a 
dry, pre-weighed basin separately for each re-extraction. The amount of sample used 
was 2 g and the total fat content in percentage for each extraction was then calculated 
individually by adding it with the fat content of the previous extraction. Results of these 
measurements are presented in Figure 7.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.1 The effect of the number of re-extraction steps on the total fat content 
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Increasing the number of re-extraction increased the amount of fat extracted during the 
first five extractions which then decreased thereafter. These results do indicate that five 
extraction steps are required for this method to be effective. However three times 
extraction for each sample was considered sufficient since results showed no significant 
differences between 3 and 5 times extraction. Different amounts of sample, (2 g and 4 
g) were also evaluated to compare the reliability of the method. Extractions involving 2 
g samples appeared to be less reliable providing the fat content (%) result of 19.70 ± 
0.17 as opposed to those using 4 g sample where the result obtained was 21.89 ± 0.03 g.   
 
 
7.4 The impact of fat removal on the microstructural characteristics of instant 
noodles 
 
Fat extraction using the Soxhlet method was carried out on two of the brands of 
commercial instant noodles (Nissin and Vina Acecook) in order to observe the impact 
on appearance of the strands. The characteristics of the samples before and after fat 
extraction were examined under ESEM (Figures 7.2 and 7.3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.2 ESEM of dry instant noodles surface appearance for (A) Nissin, (B) 
Vina Acecook, (C) Nissin Fat Extracted, (D) Vina Acecook Fat 
Extracted 
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Microstructural characteristics for the two brands were different from each other. These 
comments include the difference in the smoothness, the size and the degree of porosity 
of the surface as well as difference in the size of starch granules, the extent of protein 
matrix development and the compactness of the cross section structure. However, the 
surface and cross section appearance did not appear to change upon removal of the fat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3 ESEM of dry instant noodles cross section for (A) Nissin, (B) Vina 
Acecook, (C) Nissin Fat Extracted, (D) Vina Acecook Fat Extracted 
 
 
7.5 Evaluation of the quality characteristics of commercial instant noodles  
 
Nine different brands of commercial instant noodles (Table 6.1) manufactured in 
different countries were randomly selected for preliminary study on the quality 
characteristics, colour and texture (Table 7.3) as well as the cooking quality of instant 
noodles available commercially. The comparisons done included the evaluation of the 
cooking properties with regard to cooking time, cooking yield, cooking loss, moisture 
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content and fat content (Table 7.4). Microstructural characteristics for each sample were 
also evaluated (Figure 7.4 and Figure 7.5) 
 
7.5.1 Evaluation on the colour and texture of commercial instant noodles  
 
Results for the colour and texture of the commercial samples (Table 7.3) were presented 
as the mean of 5 and 10 measurements respectively. Texture measurements were taken 
as a maximum compression force measured using TA-XT2 with 35 mm cylinder probe, 
using 2 strands of cooked noodles and compressed on the rolled surface.  
 
Table 7.3 Colour and texture qualities of commercial instant noodles  
 
 Colour of uncooked noodles Colour of cooked noodles  
Brand L* a* b* L* a* b* Hardness 
(N) 
Four 
Seas 
82.2ad -1.2a 19.3a 43.1a -1.6a 8.0a 24.6a 
Indomie 82.5ad -6.5b 21.6e 49.3b -3.6b 5.3bc 20.4ab 
Maggi 81.7ad -1.9c 12.9cd 53.5c -3.2ab 2.1def 15.7cd 
Mama 78.5bc -1.5c 20.9ae 53.0c -2.1ab 6.4ab 18.8bcd 
Nissin 83.7a -2.0c 11.0d 54.8c -1.8a 0.7f 16.9cd 
Nong 
Shim 
82.6a -3.2c 13.2cd 51.3bc -2.9ab 1.6ef 14.5d 
Trident  80.8cd -1.9c 13.6c 52.0bc -1.6a 3.8cd 17.4bcd 
Vina 
Acecook 
77.3b -2.1c 21.8e 53.9c -1.6a 7.4a 15.8cd 
Wei Wei 79.5bcd -1.3c 15.8b 52.6bc -1.6a 3.4cde 19.6bc 
Means followed by the same letter within a column are not significantly different at p < 0.05. 
 
The colour for uncooked commercial instant noodles varied from 77.3 to 83.7 for L* 
values, -1.2 to -6.5 for a* values and 11.0 to 21.8 for b* values with Nissin having the 
brightest colour and Vina Acecook the least. In contrast, the colour of the samples after 
cooking were in the range of 41.3 to 54.8, -1.6 to -3.6 and 0.7 to 8.0 for L*, a* and b* 
values respectively with Nissin and Four seas having the highest and lowest results for 
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brightness. Results showed that the colour of uncooked noodles cannot be used to 
determine the colour of the samples after cooking. Statistically, results for the nine 
samples varied at 5% level. The texture of the nine samples were also significantly 
different at the 5% level and the hardness measurements showed no relationship with 
the protein, fat and carbohydrate values stated on the nutritional information panels 
provided on the packaging of the products.  
 
7.5.2 Evaluation on the cooking quality of commercial instant noodles  
 
In this study the nine samples of commercial Asian instant noodles showed that the 
optimum cooking times of the instant noodles ranged between 2 min 15 sec to 5 min 30 
sec, and around 147% to 208%, 13% to 19%, 3% to 9% and 13% to 21% for the 
cooking weight, cooking loss, moisture content and fat content respectively (Table 7.4). 
It is noted that, for routine analysis purposes, fat was analysed using the acid hydrolysis 
procedure (as described in Section 6.4.5). 
 
Table 7.4 Cooking properties of commercial instant noodles  
 
Brand Cooking 
time  
(min. sec) 
Cooking 
weight 
(%) 
Cooking 
loss 
(%) 
Moisture 
content  
(%) 
Fat  
content 
(%) 
Four Seas 4.15 160.7 10.3 3.29 ± 0.21 13.01 ± 0.73 
Indomie 4.45 188.6 13.0 6.26 ± 0.29 20.54 ± 0.37 
Maggi 3.30 146.8 18.7 7.92 ± 0.38 20.03 ± 0.40 
Mama 4.15 207.8 16.4 8.61 ± 0.14 16.03 ± 0.21 
Nissin 5.30 197.8 13.8 5.07 ± 0.03 17.24 ± 0.33 
Nong Shim 4.00 161.1 15.9 7.37 ± 0.29 19.68 ± 0.34 
Trident  4.30 153.4 12.6 5.48 ± 0.32 21.24 ± 0.38 
Vina Acecook 2.30 161.3 15.8 4.23 ± 0.15 15.28 ± 0.24 
Wei Wei 2.15 147.3 13.9 3.09 ± 0.07 19.15 ± 0.39 
 
According to the nutritional information provided on the packaging, Maggi had the 
highest protein content of 11.6 g per 100 g and Trident had the lowest protein content of 
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3.2 g per 100 grams of the noodles. This then related to the cooking loss where Maggi 
and Trident has the highest and lowest cooking loss respectively however the results do 
not indicate any relationship between protein content and cooking loss, as suggested by 
(Konik & Miskelly, 1992; Toyokawa, Rubenthaler, Powers, & Schanus, 1989) where 
cooking loss may be partially affected by the physical and chemical characteristics of 
wheat starch.  
 
7.5.3 Microstructural characteristics of commercial instant noodles 
 
Commercial samples were also evaluated on the microstructural characteristics using 
ESEM (Figure 7.4) and all nine samples appear to have different structural features.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.4 ESEM of the outer cross section for uncooked commercial instant 
noodle samples; (A) Four Seas, (B) Indomie (C) Maggie, (D) Mama, 
(E) Nissin, (F) Nong Shim, (G) Trident, (H) Vina Acecook, and (I) 
Wei Wei 
A B C
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Maggi (Figure 7.4(C)) has the most compact structure and Nissin (Figure 7.4(E)) has 
the largest pores. Figure 7.5 shows the inner microstructure which clearly illustrates the 
appearance of the protein matrix and intact starch granules. Individual starch granules of 
different sizes were conspicuous in Nissin and Vina Acecook (Figure 7.5 (E and H)). 
Most of the starch granules in Mama, Nong Shim, and Trident (Figure 7.5 (D, F, and 
G)) on the other hand appear to be ruptured and combined together with the gluten, 
which give an appearance that is more amorphous.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.5 ESEM of the inner cross section for uncooked commercial instant 
noodle samples; (A) Four Seas, (B) Indomie (C) Maggie, (D) Mama, 
(E) Nissin, (F) Nong Shim, (G) Trident, (H) Vina Acecook, and (I) 
Wei Wei 
 
For the remainder of the samples, some individual starch granules were present but 
appeared to be cemented within the protein network. The study of these nine 
A B C
D E F
G H I
Chapter 7 
 62 
commercial samples showed that each sample has different microstructure, showing 
greater variability than expected, and this may reflect differences in ingredients, 
formulation and processing steps applied during manufacture.  
 
7.6 Evaluation on the relationship between protein content of flour and the fat 
uptake on the microstructural and textural characteristics of instant 
noodles 
 
Instant noodles with different treatments (formulations) were made on a laboratory 
scale. These trials included the use of a bakers flour as well as reconstituted flours of 
different gluten to starch ratios. The resultant noodles were evaluated including 
comparisons of the microstructural and textural characteristics between instant noodles 
made with bakers flour and those made with reconstituted flours. In addition, other 
studies were done to investigate the impact of protein content of the flour on the fat 
uptake and textural characteristics of instant noodles.  
 
7.6.1 Microstructural and textural characteristics comparison between instant 
noodles made with bakers flour and reconstituted flours 
 
Throughout this phase of the study, instant noodles were made on a laboratory scale. 
The initial trial involved making instant noodles using different types of flour, bakers 
flour and reconstituted flour that consisted of 9.4% gluten and 73% starch which was 
selected as being equivalent to those in the bakers flour (approximately 11% protein and 
73% carbohydrate). The amount of water in the formulation was however different. 
Instant noodles made with bakers flour required 35% water to be able to form into a 
dough. Instant noodles prepared with reconstituted flour on the other hand required a 
minimum of 45% water in the formulation. It is likely that the latter required more 
water as it is more difficult to combine the two separate fractions of flour (gluten and 
starch separately) than that of bakers where there is only one fraction (Park & Baik, 
2004b).  
 
The two different types of flours create very different microstructural cross section 
characteristics (Figure 7.6). Instant noodles made with bakers flour (Figure 7.6A) 
showed a structure more similar to that of the commercial products studied earlier 
(Figures 7.3A and C). In those, individual starch granules were loosely held in a protein 
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matrix and the cross sectional structure was more compact compare to those made with 
reconstituted flour (Figure 7.6B). The latter showed a structure with most of the starch 
granules embedded into the protein network and the structure was more porous. This 
structure almost resembled those of the cooked instant noodles (Figure 7.6C) where 
very few individual starch granules were observed which was probably due to the 
porous structure. This allows the steaming process to be more effective therefore 
resulting in easier of starch swelling, hence gelatinisation. This then relates to the 
textural characteristics of the two samples where instant noodles made with bakers flour 
provided a firmer texture (29.1 N) than those prepared with reconstituted flour (18.4 N) 
as the latter were much more porous, thereby enabling the strands to absorb water more 
efficiently during cooking. Another important difference with your re-constituted flours 
was that they did not contain lipids and further studies on this issue are recommended in 
the future. 
 
 
 
 
 
 
 
 
 
 
Figure 7.6 ESEM of cross section for: dry instant noodles made with (A) bakers 
flour, (B) reconstituted flour; (C) cooked commercial instant noodle 
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7.6.2 The impact of protein content on the fat uptake and firmness of instant 
noodles 
  
Another experiment trial was done by comparing three instant noodles made with 
different gluten to starch ratios (1:7.8, 1:8.7, 1:9.8) with these being selected as 
equivalent to 11%, 10% and 9% protein content of the flour respectively. Experiments 
were carried out in triplicate for each treatment and the results of the fat uptake and 
hardness of each sample are presented in Table 7.5. 
 
Table 7.5 A comparison of the % fat uptake and hardness of noodles prepared 
from reconstituted flour 
 
Protein content 
(%) 
Fat uptake (%) Hardness (N) 
11 21.8a 18.4a 
10 23.7b 16.4b 
9 27.3c 15.2b 
Note: fat uptake was measured as fat content, based on the fact that flour contains very little fat and this is 
a constant factor across the experiment. 
Means followed by the same letter within a column are not significantly different at p < 0.05. 
 
Increasing the amount of protein in the flour significantly decreased the fat uptake of 
instant noodles during frying. These results confirmed those reported by Moss et al. 
(1987) and Park and Baik (2004a) who suggested that it was due to a more compact 
structure as a result of strong adherence between protein and starch as that found in 
instant noodles with higher protein content. This can also explain the positive 
correlation between protein content of flour and the hardness of the cooked noodles 
(Hou & Kruk, 1998; Oh, Seib, Deyoe, & Ward, 1983). Samples were not evaluated in 
terms of microstructural characteristics because of the high fat content that was found to 
effectively envelope the noodles making it very difficult to observe the inner structure.  
 
7.7 The impact of different types of oil on the quality of instant noodles 
 
Three types of oils, canola, cottonseed, and peanut oil, suitable for frying instant 
noodles (Hou, 2001) were investigated for their impact upon the final quality 
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particularly the colour, fat content and hardness of the final products. For this 
evaluation, the bakers flour described in Table 6.2 was used. 
 
The results for the impact of the type of oil used for frying on the colour and texture of 
instant noodles is summarised on Table 7.6. The L* value and the fat uptake by instant 
noodles were the two factors that were significantly influenced by the type of oil used. 
Hardness, a*, and b* values were not significantly affected by the different types of oil 
used for frying. The use of canola oil resulted in a significantly lower fat uptake 
compare to the other two oil used, while peanut oil has the brightest colour significantly 
compared to the other samples.  
 
Table 7.6 Quality of instant noodles fried with different oils 
 
Types of oil L* a* b* Fat content (%) Hardness (N) 
Canola  
Cottonseed 
Peanut 
75.9a 
75.4a 
78.8b 
-1.7a 
-1.7a 
-1.8a 
14.6a 
14.0a 
13.8a 
19.9a 
22.0b 
22.3b 
20.7a 
19.1a 
21.0a 
Means followed by the same letter within a column are not significantly different at p < 0.001. 
 
 
7.8 Conclusions drawn from the preliminary trials 
 
Varying the size of the probe, number of strands used and placing the samples at 
different position did not significantly influence the hardness measurements using TA-
XT2. However placing the samples at different angle gave significantly different results 
with compressing the cut surface of the strands giving a softer texture than the rolled 
surface, therefore in order to obtain consistent results it is necessary to ensure that 
samples are placed with the appropriate alignment before measurements are taken.  
 
An effective method of acid hydrolysis for fat extraction of instant noodles can be 
obtained by using 4 g sample and extracting these 3 times. The presence of the fat does 
not directly influence the surface and cross section appearance of the instant noodles 
however fat content is negatively correlated with the protein content of flour and the 
hardness of cooked noodles. The most suitable oil used for frying instant noodles out of 
the three that were investigated was canola oil since it gave the lowest fat content in the 
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final product. The quality attributes of instant noodles including colour, texture, 
microstructural characteristics as well as cooking properties are affected by the 
ingredients used, formulations, and processing which was obtained from the analyses of 
the range of commercial samples used in this study. 
 
The approaches developed during these preliminary evaluations are now able to form 
the basis for approaches adopted for the further stages of this project. 
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Chapter 8 
 
Results and discussion: the impact of processing variables on 
the quality attributes of Asian instant noodles  
 
 
The purpose of this chapter is to describe and discuss the results obtained for the quality 
of instant noodles by varying the processing including mixing time, resting time, 
number of folding steps, steaming time, as well as time and temperature of frying.  
 
8.1  Introduction 
 
Manufacturing instant noodles on a laboratory scale involved several steps which 
include mixing of ingredients, sheeting, compounding, resting, cutting, steaming and 
frying where each contributes to the appearance and eating attributes of the final 
product which in turn, determines consumer preferences.  
 
A relatively large number of studies have previously been done on the impact of 
processing variables on fresh noodles but very few reports have investigated on instant 
noodles specifically. Each processing steps of instant noodle making and noodles in 
general contributes to the final quality of the products therefore it is important to 
properly control the process. One of the primary aims of this project has been to study 
the impact of processing variables on the final attributes of instant Asian style noodles. 
For this purpose the RSM approach has been used as the model to establish the 
optimum conditions for instant noodle manufacture. Two or three independent variables 
were studied and those trialled included time and temperature of frying, time of 
steaming and number of folding, as well as mixing time and resting time.  
 
8.2 Time and temperature of frying 
 
Frying condition in instant noodle making is likely to be essential to the quality of the 
final product as it is thought to contribute to both the colour and the fat content of the 
product. Variations of frying time in combination with the frying temperature ranging 
from 0.75 to 2 min and 135 to 165°C were investigated. These conditions were based on 
several previous studies involving instant noodles by Chung and Kim (1991), Park and 
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Baik (2004b), Wu et al (2006), Yahata et al (2006), and Yu and Ngadi (2004) which 
cover the time and temperature range of frying instant noodles except for the 
temperature where this was extended to include 165°C. Thirteen experiments which 
include five replicates of the centre point were done according to a second order central 
composite design as presented in Table 8.1. 
 
Table 8.1 Central composite design for the study of time and temperature of 
frying 
 
 Coded variables Actual variables 
Experiment 
number 
X1 X2 Time (min) Temperature 
(°C) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
0 
0 
0 
1 
0 
0 
1 
0 
-1 
0 
-1 
1 
-1 
0 
0 
0 
0 
0 
-1 
1 
0 
0 
1 
1 
-1 
-1 
1.37 
1.37 
1.37 
2.00 
1.37 
1.37 
2.00 
1.37 
0.75 
1.37 
0.75 
2.00 
0.75 
150 
150 
150 
150 
150 
135 
165 
150 
150 
165 
165 
135 
135 
 
Results for the quality of instant noodles and their cooking properties are presented in 
Table 8.2. ANOVA analyses were performed to examine the statistically significant 
differences between each experiment at p<0.05. The results showed that varying the 
time and temperature of frying provide relatively little impact on the L* value, hardness 
measured using the texture analyser and cooking loss.  
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Table 8.2 Quality of instant noodles affected by time and temperature of frying 
 
Experiment 
number 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%) 
Cooking  
loss (%) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
68.2cde 
68.8de 
68.1bcde 
63.7b 
71.7ef 
63.9bc 
73.2f 
69.5def 
65.3bcd 
70.9ef 
69.8ef 
58.9a 
57.0a 
-1.3a 
-2.2a 
-2.1a 
-1.9a 
-1.4a 
-2.0a 
-1.0a 
-1.4a 
-0.9a 
-1.1a 
-1.4a 
-1.6a 
-1.9a 
14.5ab 
14.4ab 
15.0ab 
14.2ab 
15.3ab 
14.4ab 
19.1c 
15.7ab 
13.8a 
16.4b 
14.9ab 
14.4ab 
14.2ab 
19.3a 
19.8ab 
19.9ab 
23.5b 
19.8ab 
20.3ab 
20.3ab 
19.7ab 
20.6ab 
21.1ab 
19.3a 
22.9ab 
20.5ab 
22.4ab 
22.5ab 
22.3ab 
21.4ab 
20.8ab 
19.7ab 
24.2b 
22.8ab 
21.0ab 
22.1ab 
20.3ab 
20.3ab 
19.1a 
6.3e 
5.7bc 
5.7bc 
5.8bc 
5.9cd 
7.0f 
5.0a 
5.8bc 
8.0g 
5.5b 
6.2de 
5.8bcd 
8.2g 
150.2ab 
147.5ab 
156.1b 
141.3a 
150.2ab 
155.7b 
185.1c 
152.8ab 
146.1ab 
156.6b 
146.6ab 
147.4ab 
182.3c 
13.5abc 
13.1abc 
13.9bc 
12.8ab 
14.0bc 
13.0ab 
13.3abc 
13.9bc 
11.7a 
13.8bc 
14.8c 
14.4bc 
13.4abc 
Means followed by the same letter within a column are not significantly different at p<0.05. 
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8.2.1 The impact of time and temperature of frying on the quality of instant 
noodles 
 
Table 8.4 summarises the F-values for each response and verified which variables 
affected the response significantly. ANOVA analyses showed that L* value was 
significantly affected by the linear (p<0.001) and quadratic (p<0.05) effect of the 
temperature and time of frying respectively. It was found that the linear term of 
temperature had a positive effect on L* value of instant noodles whereas the quadratic 
term of time had a negative effect (Table 8.3). Interaction between the variables showed 
no significant effect on L* value (p<0.05). 
 
Figure 8.1(A) shows that as temperature of frying increases the samples become 
brighter, whereas for the time of frying brightness of the noodles increases up to around 
1.4 min of frying and then decreases as the time reaches 2 min. Figure 8.1(B) on the 
other hand demonstrates that a* value increases in a high temperature and short time of 
frying, however as observed in Table 8.4, a* value was not significantly affected by the 
condition of frying since the variables showed that the probability is greater than 0.1. 
 
The b* value had a positive effect on all variables except for the quadratic term 
associated with the frying time (Table 8.3). The linear term of time and temperature 
significantly affected b* values at p<0.05 and p<0.01 respectively. Interaction between 
variables and quadratic term of temperature on the other hand was also affected b* 
values at p<0.05 (Table 8.4). Samples at higher temperatures and in the middle range of 
frying time gave more yellow instant noodles as illustrated in Figure 8.1(B). 
 
The time of frying was found to be a significant factor affecting the hardness of cooked 
instant noodles as manifested in a positive, linear term with significance level of p<0.05. 
On the other hand the other variables showed no significant impact on the hardness at 
p<0.05. This attribute of instant noodles appeared to increase as a result of longer times 
and lower temperatures of frying and this was indicated by the yellow shaded area 
depicted in Figure 8.2(A).  
 
Fat content in this study was found to be affected significantly by both time and 
temperature at p<0.05 and p<0.01 respectively in the positive, linear term, whilst other 
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variables did not show significant impact at p<0.05. Figure 8.2(B) illustrates that a low 
fat content in the final product can be obtained in a short time and low temperature of 
frying. This is as might have been expected since frying the noodles in a short time and 
low temperature reduces the amount of water to be vaporised, therefore the amount of 
oil that would replace the vaporised water is also reduced (Hou & Kruk, 1998). This 
result is, however, not consistent with the findings reported by Kim (1996) who found 
that fat content slightly decreased as frying temperature increased when samples were 
fried at the same frying time. 
 
Both time and temperature in the linear term affected the moisture significantly at 
p<0.001 and p<0.01 respectively. It was found that the linear term for both time and 
temperature showed a negative effect. The quadratic term of time in contrast showed a 
negative significant impact on the moisture at a lower level of p<0.05. According to 
response surface graph Figure 8.2(C), samples tended to have lower moisture contents 
when fried at a higher temperature for longer period of time. This is most probably due 
to the greater rate of water evaporation at higher temperatures (Hou & Kruk, 1998) as 
well as the longer frying time which allows it dry even more. This evaluation is 
consistent with that previously described by Kim (1996).  
 
The cooking weight of samples was found to have a positive effect on the interaction 
between time and temperature at p<0.001, and on the quadratic term of temperature at 
p<0.01. As illustrated in Figure 8.3(A), higher cooking weight was obtained for the 
combination of either very low temperature for a short time of frying or at very high 
temperature for a long frying time.  
 
There was no significant impact of time and temperature on the cooking loss of instant 
noodle samples at p<0.05 (Table 8.4). The lowest cooking loss according to the 
response surface graph on Figure 8.3(B) was depicted on the region corresponding with 
the lower time and temperature values.  
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Table 8.3 Estimated coefficients for responses on time and temperature of frying (in coded units) 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Intercept 
A (time) 
B (temp) 
AB 
A2 
B2 
68.95 
0.60 
5.70 
0.39 
-3.73 
-0.84 
-1.66 
-0.06 
0.33 
1.00E-002 
0.19 
0.04 
14.82 
0.79 
1.25 
1.00 
-0.41 
1.02 
20.02 
1.05 
-0.49 
-0.35 
1.27 
-0.13 
20.02 
0.90 
1.25 
0.70 
-0.48 
-0.74 
5.99 
-0.95 
-0.73 
0.31 
0.58 
-0.09 
149.03 
-0.19 
0.48 
18.37 
0.49 
12.91 
13.40 
0.09 
0.18 
-0.64 
-0.44 
0.68 
 
Table 8.4 F-values and R2 for responses on time and temperature of frying 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Model 
A (time) 
B (temp) 
AB 
A2 
B2 
Lack of fit 
R2 
11.09** 
0.48 
42.77*** 
0.13 
8.42* 
0.43 
3.46 
0.8879 
0.84 
0.12 
3.41 
2.05E-003 
0.49 
0.02 
1.23 
0.3762 
8.12** 
7.57* 
19.12** 
8.08* 
0.97 
5.81* 
2.90 
0.8529 
2.81 
6.98* 
1.50 
0.51 
4.67 
0.05 
34.42** 
0.6677 
6.02* 
7.53* 
14.33** 
2.97 
1.00 
2.33 
1.29 
0.8112 
15.43** 
42.05*** 
24.56** 
2.89 
7.19* 
0.16 
3.27 
0.9168 
10.51** 
6.04E-003 
0.04 
37.21*** 
0.02 
12.69** 
6.68* 
0.8824 
1.10 
0.09 
0.34 
2.76 
0.91 
2.14 
9.59* 
0.4405 
* Significant at p<0.05. 
** Significant at p<0.01. 
*** Significant at p<0.001.
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Figure 8.1 Response surfaces for the effect of time and temperature of frying on 
(A) L*, (B) a*, and (C) b* values of instant noodles 
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Figure 8.2 Response surfaces for the effect of time and temperature of frying on 
(A) hardness, (B) fat content, and (C) moisture content of instant 
noodles 
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Figure 8.3 Response surfaces for the effect of time and temperature of frying on 
(A) cooking weight and (B) cooking loss of instant noodles 
 
 
8.2.2 Optimisation of time and temperature of frying 
 
Optimisation solutions are presented in Table 8.5 and these show that the levels of 
desirability were relatively low. This means that the evaluation should be based on the 
predicted responses especially in regards to L* value because the predicted value for the 
other responses did not vary as much. Frying time and temperature of 1.03 min at 165 
°C was selected as the most suitable condition based on this study as it was predicted to 
give the highest L* value compared to the other solutions suggested by the data.  
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Table 8.5 Solutions for the optimum frying time and temperature of instant noodles 
 
   Predicted response  
Sol. 
No. 
Frying 
time (min) 
Frying 
temp. (°C) 
L* a* b* Hardness 
(N) 
Fat 
(%) 
Moisture 
(%) 
Cooking 
wt (%) 
Cooking 
loss (%) 
Desirability 
1 
2 
3 
4 
0.76 
0.75 
0.79 
1.03 
165 
165 
165 
165 
69.3 
69.1 
69.6 
72.1 
-1.1 
-1.1 
-1.1 
-1.2 
15.0 
14.9 
15.0 
16.0 
19.9 
20.0 
19.9 
19.4 
20.5 
20.4 
20.6 
21.5 
6.4 
6.4 
6.3 
5.7 
145.1 
144.7 
145.7 
152.5 
14.4 
14.4 
14.4 
14.4 
0.744 
0.744 
0.743 
0.707 
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8.2.3 Verification of the model on the optimum time and temperature of frying 
 
The adequacy of the model for predicting optimum response values was tested using 
time and temperature of 1.03 min and 165°C. The results (Table 8.6) show that the 
actual values obtained were close to that of the predicted values and they were not 
significantly different at 5% level except for the a* value.  
 
Table 8.6 Comparison of predicted and experimental value for the responses at 
optimum frying conditions 
 
Response Predicted 
value 
Actual 
value ± SD 
Standard 
error 
Mean 
difference 
Sig. (2 
tailed) 
L* 
a* 
b* 
Hardness (N) 
Fat (%) 
Moisture (%) 
Cooking weight (%) 
Cooking loss (%) 
72.1 
-1.2 
16.0 
19.4 
21.5 
5.7 
152.5 
14.4 
72.5 ± 0.9 
-2.1 ± 0.5 
16.4 ± 1.3 
19.7 ± 1.3 
21.8 ± 1.6 
5.3 ± 0.7 
153.8 ± 5.0 
14.6 ± 0.8 
0.22 
0.13 
0.32 
0.34 
0.53 
0.22 
1.66 
0.25 
0.41 
-0.91 
0.36 
0.27 
0.25 
-0.43 
1.32 
0.20 
0.085 
0.000 
0.286 
0.441 
0.649 
0.090 
0.449 
0.459 
 
 
8.3 Time of steaming and number of folding steps 
 
Time of steaming in instant noodle making has been reported to have an effect on the 
final product characteristics. Excessive steaming appears to result in non-uniform 
drying, and the resultant noodles become hard and sticky. Insufficient steaming on the 
other hand causes the noodles to become more fragile and the products are more 
susceptible to breakage. The folding of noodle sheets also impacts upon the quality of 
the final product. Increasing the number of folding steps results in the noodle sheets 
becoming stronger and the colour to be more uniform (Kubomura, 1998). The stronger 
noodle dough obtained from repeated folding was also reported by Dexter et al. (1979) 
where the dough following the fifth sheeting was evaluated, it was shown that the 
protein had become smoother and more continuous, the starch granules were more 
firmly held and the dough itself was less porous when compared to the first sheeting. 
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In this study, steaming time (2 to 4 min) and number of folds steps (0 to 4 times) which 
involved thirteen combinations including five replicates of the centre point were 
evaluated according to central composite design as presented in Table 8.7. The selected 
steaming time and number of folds for this study was based on the process of instant 
noodle making used by other researchers (Park & Baik, 2004; Wu, Aluko, & Corke, 
2006; Yahata et al., 2006; Yu & Ngadi, 2004).  
 
Table 8.7 Central composite design for the study of steaming time and number 
of folding treatments  
 
 Coded variables Actual variables 
Experiment 
number 
X1 X2 Steaming time 
(min) 
Number of 
folds 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
0 
0 
0 
1 
0 
0 
0 
-1 
-1 
0 
1 
1 
-1 
0 
0 
1 
1 
-1 
0 
0 
1 
-1 
- 
-1 
0 
0 
3 
3 
3 
4 
3 
3 
3 
2 
2 
3 
4 
4 
2 
2 
2 
4 
4 
0 
2 
2 
4 
0 
2 
0 
2 
2 
 
When this design was used, the results for instant noodle quality and cooking properties 
(Table 8.8) showed that a* value and hardness of instant noodles were not significantly 
affected (p<0.05) by steaming time (2 to 4 min) and number of folds (0 to 4 times). The 
results also indicated little impact on the colour and hardness of the samples.  
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Table 8.8 Quality of instant noodles affected by steaming time and number of folds 
 
Experiment 
number 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%) 
Cooking loss 
(%) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
78.7a 
79.3a 
79.1a 
78.1a 
77.5a 
78.4a 
79.3a 
78.4a 
74.0b 
78.7a 
79.5a 
78.5a 
78.0a 
-1.7a 
-1.8a 
-1.8a 
-1.7a 
-1.7a 
-1.6a 
-1.5a 
-1.6a 
-1.9a 
-1.6a 
-1.7a 
-2.0a 
-1.8a 
17.2a 
17.3a 
16.9a 
17.1a 
17.1a 
16.5a 
16.7a 
16.6a 
15.3b 
16.6a 
16.8a 
17.3a 
16.6a 
21.6a 
22.4a 
23.1a 
21.0a 
22.1a 
22.3a 
22.2a 
22.0a 
21.5a 
21.9a 
22.4a 
23.6a 
21.5a 
23.7cd 
23.3cd 
18.6a 
20.1ab 
24.0d 
23.3cd 
21.7bc 
21.8bcd 
22.3bcd 
22.3bcd 
19.0a 
22.1bcd 
22.8cd 
4.7ef 
4.3abcd 
5.2g 
4.3abcde 
4.4bcdef 
4.5cdef 
4.5cdef 
4.4bcde 
4.7def 
4.2abc 
4.8fg 
4.0ab 
3.9a 
182.9ab 
187.4b 
164.6a 
165.7a 
178.3ab 
174.8ab 
185.6b 
178.7ab 
181.4ab 
185.9b 
170.1ab 
183.3ab 
180.3ab 
17.2a 
17.1a 
15.1abc 
14.2bc 
16.4ab 
17.0a 
17.4a 
13.1c 
15.6abc 
17.3a 
15.5abc 
15.2abc 
14.9abc 
Means followed by the same letter within a column are not significantly different at p<0.05. 
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8.3.1 The impact of steaming time and number of folds on the quality of instant 
noodles 
 
The brightness of instant noodles was affected significantly by the positive linear term 
of steaming time and number of folding (Table 8.9) at p<0.01 and p<0.05 respectively 
(Table 8.10). Interactions between steaming time and folding also significantly affected 
the L* value (p<0.01), but in this case it was a negative effect. Higher numbers of 
folding steps and longer steaming times gave higher L* values and for the interaction 
between the two variables, higher L* values were achieved when either one or both of 
the variables were in a high range (Figure 8.4(A)). 
 
As presented in Figure 8.4(B), the highest a* value was achieved for 4 times of folding 
and between 2.5 to 3.0 min steaming time, however there was no significant impact of 
steaming time and folding number including their interaction on a* of instant noodle at 
a level of p<0.05 as indicated in Table 8.10.  
 
Table 8.9 and 8.10 show that b* values had a positive linear effect with steaming time 
and number of folding. Nevertheless there was no significant impact (p<0.05) on the 
linear term of folding number, the quadratic term of both steaming time and folding 
number, and interactions between the variables. In this study, as demonstrated in Figure 
8.4(C), b* values were more strongly affected by the steaming time. For this, longer 
times of 3 to 4 min, in conjunction with the number of folding steps between 2 to 4 
times, or 4 min steaming time when noodle sheets were not folded or folded once 
produced noodles with the highest yellow colour.  
 
The textural hardness of cooked noodles did not show any significant impact (p<0.05) 
when steaming time and folding steps were varied, but, as shown in Figure 8.5(A), a 
short steaming time and fewer folding steps decreased the hardness of cooked noodles. 
This is likely to be due to a lack of starch gelatinisation and gluten development 
respectively as outlined by Nagao (1996). In the report by Rho et al. (1988) it was also 
stated that increasing the extent of sheeting treatments increased gluten development, 
thus enhancing the surface firmness.  
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The highest fat content of instant noodles in this study as depicted in Figure 8.5(B) was 
obtained for short steaming times (2 to 3 min) and fewer numbers of folding steps (1 to 
2 times). Looking at the contour of this graph, a long steaming time of 4 min or higher 
is preferred to obtain a low fat content of the final product regardless of the amount of 
folding. As previously mentioned, increasing the time of steaming increases the 
swelling and gelatinisation of starch (Hou, 2001) which leads to higher binding 
properties, thus less fat is absorbed during frying (Yu & Ngadi, 2004). However these 
variables of steaming for 2 to 4 min and folding for up to 4 times, did not significantly 
impact (p<0.05) the fat uptake (Table 8.9). 
 
The quadratic term of number of folding steps significantly affected the moisture 
content positively and the cooking weight negatively at p<0.05. The lowest moisture 
content in this study was obtained in noodle sheets folded between 1 to 3 times and 
steamed for either 2 or 4 min (Figure 8.5(C)). In addition, as depicted in Figure 8.6(A) 
low numbers of folding steps (1 to 3 times) and short steaming times (2 to 3 min) 
resulted in the highest cooking weights of around 183 to 187% as opposed to those 
samples for which 4 folding steps were used and 4 min of steaming where the resultant 
cooking weight was only approximately 170%.  
 
Cooking loss on the other hand was affected significantly and negatively by the linear 
(p<0.001) and quadratic (p<0.01) terms of number of folding treatments. It was also 
significantly and negatively affected by the quadratic (p<0.001) term of steaming time. 
The absence of folding to 2 times folding associated with a steaming time of around 3 to 
4 min resulted in the highest cooking loss of the final products (Figure 8.6(B)). The 
lowest cooking loss of around 13% was attained when noodle sheets were folded 4 
times and steamed for 2 min.    
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Table 8.9 Estimated coefficients for responses on steaming time and number of  folds (in coded units) 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Intercept 
A (steaming time) 
B (folding) 
AB 
A2 
B2 
78.78 
0.86 
0.71 
-1.32 
-0.57 
-0.55 
-1.68 
6.67E-003 
0.04 
-0.08 
-0.11 
0.04 
16.96 
0.46 
0.26 
-0.24 
-0.21 
-0.18 
22.25 
0.33 
0.03 
-0.48 
-0.15 
-0.14 
22.85 
-0.94 
-0.80 
0.39 
-0.45 
-1.58 
4.41 
0.03 
7.17E-004 
-0.06 
-0.37 
0.48 
182.93 
-3.56 
-3.45 
-0.45 
0.35 
-10.04 
17.08 
0.23 
-0.85 
0.29 
-1.69 
-0.97 
 
Table 8.10 F-values and R2 for responses on steaming time and number of  folds 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Model 
A (steaming time) 
B (folding) 
AB 
A2 
B2 
Lack of fit 
R2 
11.28** 
14.51** 
9.79* 
22.95** 
2.94 
2.73 
1.44 
0.8896 
0.68 
0.01 
0.53 
1.21 
1.65 
0.18 
2.56 
0.3274 
2.74 
7.66* 
2.48 
1.47 
0.75 
0.55 
1.47 
0.6617 
0.65 
1.21 
0.01 
1.71 
0.11 
0.10 
9.87* 
0.3184 
1.89 
2.48 
1.78 
0.29 
0.27 
3.23 
6.20 
0.5747 
1.53 
0.06 
3.06E-005 
0.12 
3.85 
6.29* 
3.91 
0.5225 
2.89 
2.36 
2.22 
0.03 
0.01 
8.65* 
1.60 
0.6731 
33.37*** 
2.52 
34.22*** 
2.60 
61.83*** 
20.22** 
8.18* 
0.9597 
* Significant at p<0.05. 
** Significant at p<0.01. 
*** Significant at p<0.001. 
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Figure 8.4 Response surfaces for the effect of steaming time and number of 
folds on (A) L*, (B) a*, and (C) b* values of instant noodles 
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Figure 8.5 Response surfaces for the effect of steaming time and number of 
folds on (A) hardness, (B) fat content, and (C) moisture content of 
instant noodles 
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Figure 8.6 Response surfaces for the effect of steaming time and number of 
folds on (A) cooking weight and (B) cooking loss of instant noodles 
 
 
8.3.2 Optimisation of steaming time and number of folds 
 
According to the RSM approach, there are 3 different conditions that could potentially 
be the optimum condition for steaming time for instant noodles and amount of folding 
treatments of the dough sheets (Table 8.11). Results for the predicted responses are 
shown to be similar to one another even when the conditions are different, therefore 
steaming time of 2 min and 4 times folding was chosen to be the most suitable as this 
combination gave the highest desirability value.  
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Table 8.11 Solutions for the optimum steaming time and number of folding of instant noodles  
 
   Predicted response  
Sol. No. Steaming 
time (min) 
No. of 
folding 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
wt (%) 
Cooking 
loss (%) 
Desirability 
1 
2 
3 
2 
4 
4 
4 
2 
3 
78.6 
78.9 
78.8 
-1.7 
-1.8 
-1.8 
16.6 
17.2 
17.2 
22.1 
22.3 
22.3 
21.4 
21.3 
21.1 
4.4 
4.1 
4.1 
177.9 
178.6 
177.3 
13.6 
15.5 
15.3 
0.674 
0.640 
0.639 
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8.3.3 Verification of the model for the optimum steaming time and number of 
folding steps 
 
The adequacy of the model for predicting optimum response values was tested using 
steaming time and number of folding steps of 2 min and 4 times. The results (Table 
8.12) show that the actual values obtained were close to that of the predicted values and 
they were not significantly different at 5% level.  
 
Table 8.12 Comparison of predicted and experimental value for the responses at 
optimum steaming time and number of folds 
 
Response Predicted 
value 
Actual 
value ± SD 
Standard 
error 
Mean 
difference 
Sig. (2 
tailed) 
L* 
a* 
b* 
Hardness (N) 
Fat (%) 
Moisture (%) 
Cooking weight (%) 
Cooking loss (%) 
78.6 
-1.7 
16.6 
22.1  
21.4 
4.4 
177.9 
13.6 
77.8 ± 1.4 
-1.9 ± 0.5 
16.7 ± 0.7 
22.3 ± 1.0 
21.0 ± 1.0 
4.6 ± 0.7 
178.9 ± 7.0 
12.8 ± 1.6 
0.36 
0.12 
0.19 
0.25 
0.32 
0.24 
2.32 
0.52 
-0.76 
-0.16 
0.12 
0.20 
-0.38 
0.15 
1.04 
-0.82 
0.051 
0.220 
0.536 
0.430 
0.277 
0.553 
0.666 
0.156 
 
 
8.4 Mixing time and resting time 
 
Two stages of resting during instant noodle processing (Wu et al., 2006) each with 
different lengths of time were investigated. The first stage of resting (R1) takes place 
after folding and sheeting through the largest roll gap of the noodle maker. The second 
stage of resting (R2) was after the final sheeting of the dough sheet. Resting of noodles 
after sheeting has been shown to improve eating quality due to a more continuous 
protein matrix in the raw noodles (Moss et al., 1987). The experimental design used 
during this study is presented in Table 8.13. The complete design consisted of twenty 
combinations of the three variables including six replicates which represented the centre 
point of the design. The mixing times and resting times investigated ranged from 1 to 5 
min, and 0 to 30 min respectively.  
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The mixing times of 1 to 5 min were chosen based on a preliminary trial carried out in 
the current study in which periods of from 1 to 15 min were used. According to 
previous research in instant noodles, the common time for mixing range variably from 4 
min (Park & Baik, 2004; Yu & Ngadi, 2004) to 15 min (Wu et al., 2006). However, in 
the current trials, mixing times of greater than 5 min however did not give firm dough 
sheets when tested in the preliminary trial (Figure 8.7). This was probably due to 
excessive breaking up of the small amount of gluten that was developed during mixing 
(Crosbie & Ross, 2004; Hou & Kruk, 1998). Accordingly for this study, it was therefore 
decided to use mixing time within the range of 1 to 5 min. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.7 Noodle sheets after mixing times of; (A) 1 min, (B) 3 min, (C) 5 min, 
(D) 7 min, (E) 10 min, (F) 15 min  
 
Results for the attributes of instant noodles in response to different mixing and resting 
times are presented in Table 8.14. This shows that these factors affected all the qualities 
considered other than the a* values. The data also demonstrates that colour was not 
affected as much as the other noodles characteristics investigated. The results range 
from 79.3 – 83.3 for L* value, -1.5 – -1.9 for a* value, 16.4 – 17.6 for b* value, 14.8 – 
22.3 N for hardness, 17.8 – 27.0 % for fat content, 2.2 – 4.3 % for moisture content, 
156.7 – 180.2 % for cooking weight, and 9.0 – 14.6 % for cooking loss.  
 
 
 
 
Chapter 8 
 
 
89 
Table 8.13 Central composite design for the study of mixing and resting time 
 
 Coded variables Actual variables 
Experiment 
number 
X1 X2 X3 Mixing time 
(min) 
Resting1 
(min)  
Resting2 
(min) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
-1 
0 
-1 
0 
0 
-1 
1 
0 
0 
1 
-1 
0 
0 
1 
1 
0 
1 
0 
0 
-1 
1 
-1 
0 
0 
1 
-1 
-1 
0 
0 
1 
-1 
0 
0 
0 
1 
0 
-1 
0 
0 
1 
-1 
0 
0 
0 
0 
1 
1 
0 
1 
-1 
-1 
-1 
0 
0 
1 
0 
-1 
0 
0 
1 
1 
3 
1 
3 
3 
1 
5 
3 
3 
5 
1 
3 
3 
5 
5 
3 
5 
3 
3 
1 
30 
0 
15 
15 
30 
0 
0 
15 
15 
30 
0 
15 
15 
15 
30 
15 
0 
15 
15 
30 
0 
15 
15 
15 
15 
30 
30 
15 
30 
0 
0 
0 
15 
15 
30 
15 
0 
15 
15 
30 
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Table 8.14 Quality of instant noodles affected by mixing and resting time  
 
Experiment 
number 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%) 
Cooking loss 
(%) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
80.9abc 
80.8abc 
80.0ab 
79.3a 
82.7cd 
81.3abcd 
81.4abcd 
82.8cd 
82.1bcd 
79.4a 
82.0bcd 
83.2cd 
83.3d 
81.6abcd 
80.1ab 
81.2abcd 
80.8abc 
81.9bcd 
81.1abcd 
79.4a 
-1.9a 
-1.8a 
-1.6a 
-1.9a 
-1.6a 
-1.7a 
-1.7a 
-1.8a 
-1.5a 
-1.7a 
-1.6a 
-1.6a 
-1.6a 
-1.8a 
-1.6a 
-1.8a 
-1.6a 
-1.7a 
-1.8a 
-1.7a 
17.5bc 
17.0abc 
16.8abc 
16.5a 
17.3abc 
17.0abc 
16.8abc 
17.4abc 
16.8abc 
16.6ab 
16.5ab 
17.3abc 
17.6c 
17.4abc 
17.1abc 
17.2abc 
17.0abc 
17.2abc 
16.8abc 
16.4a 
20.1efgh 
21.0gh 
19.0defg 
20.6fgh 
21.4gh 
19.1efg 
18.4bcdefg 
22.3h 
17.7abcdef 
18.9cdefg 
20.1efgh 
15.7ab 
19.8efgh 
14.8a 
15.7abc 
18.8bcdefg 
16.0abcd 
19.0defg 
20.5fgh 
16.9abcde 
22.6gh 
22.6gh 
20.7cdefg 
18.5abcd 
17.8a 
19.8abcdef 
23.5h 
18.5abc 
20.2bcdef 
27.0i 
21.5efgh 
20.7defg 
19.3abcde 
20.6cdefg 
19.9abcdef 
18.7abcd 
21.8fgh 
18.8abcd 
18.4ab 
19.0abcd 
3.3bcdef 
3.2abcde 
3.9def 
3.0abcd 
3.8def 
3.0abcd 
3.4bcdef 
4.2ef 
3.6cdef 
2.5ab 
4.3ef 
3.0abcd 
3.1abcd 
2.6abc 
2.2a 
2.9abcd 
2.6ab 
4.0def 
4.3f 
3.3bcdef 
176.7cde 
167.2abcde 
170.2abcde 
156.7a 
163.0abc 
162.5ab 
166.9abcde 
164.1abcd 
166.6abcde 
169.3abcde 
158.0a 
170.3abcde 
159.7a 
178.5e 
177.9de 
176.3bcde 
180.2e 
162.8ab 
157.7a 
164.4abcd 
12.0cdefg 
11.5cdef 
13.3fghi 
11.8cdefg 
10.3abc 
13.3fghi 
9.5ab 
12.3defgh 
11.3bcde 
11.6cdef 
11.0bcd 
10.2abc 
11.7cdef 
11.2bcde 
14.6i 
13.7ghi 
13.1efghi 
9.0a 
11.0bcd 
14.0hi 
Means followed by the same letter within a column are not significantly different at p<0.05. 
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8.4.1 The impact of mixing and resting time on the quality of instant noodles 
 
Response surface graphs (Figures 8.8, 8.9, and 8.10) are presented for the treatment R2 
of 15 min. The highest L* value was obtained between 2 to 4 min of mixing time and 
R1 between 0 to 15 min as indicated in Figure 8.8(A). On the other hand, the a* value 
increases slightly when mixing time was short (between 1 to 2 min) and R1 was on the 
high range of 23 to 30 min (Figure 8.8(B)). In addition, yellowness of instant noodles 
decreases as both mixing time and R1 decreases (Table 8.15). The most intense yellow 
colour of the sample at an R2 of 15 min was found for 3 to 5 min periods of mixing time 
in conjunction with R1 of 8 to 30 min (Figure 8.8(C)). 
 
However, according to the data presented in Table 8.16, colour (L*, a* and b*) was not 
significantly affected (p<0.05) by the variations in mixing (1 to 5 min) and resting time 
(0 to 30 min) on the linear and quadratic term as well as on the interaction between 
variables. This result is confirms the work of Morris, Jeffers, and Engle (2000) in which 
yellow alkaline noodles were specifically investigated. They found that mixing time and 
resting time did not affect the colour of the noodles significantly. 
 
Hardness of cooked instant noodles was significantly affected at p<0.05 by the linear 
and negative term of mixing time as well as the quadratic positive and negative term of 
R1 and R2 respectively, however it did not affect the interaction between variables at 
p<0.05 (Table 8.15 and 8.16). Increasing the time of mixing resulted in softer boiled 
noodles. This is probably due to a more uniform water distribution as mixing time 
increases (Hatcher, Kruger, & Anderson, 1999). Mixing times in the range of 
approximately 1.5 to 3.5 min and R1 of around 0 to 5 min or 25 to 30 min gave the 
highest values of hardness of around 21 N (Figure 8.9(A)).  
 
R2 and the interaction between R1 and R2 affected the fat content significantly (p<0.05) 
in the linear and negative term, whereas the quadratic term of the variables did not 
affect the fat content significantly (p<0.05). The corresponding response surface graph 
(Figure 8.9(B)) shows that lower fat contents were obtained within the range of 1 to 3.5 
min mixing time and an R1 treatment of between 8 to 30 min.  
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The linear term of mixing time significantly affected the moisture content negatively at 
p<0.05. The linear term of both resting time (R1 and R2), the quadratic term of the 
variables and the interaction between variables showed no significant impact (p<0.05) 
on the moisture content of instant noodles. Low moisture content in this study was 
observed for longer times for mixing as well as for R1 (Figure 8.9(C)).  
 
Cooking weight and loss were not significantly affected (p<0.05) by mixing and resting 
time in their linear and quadratic terms as well as the interaction between variables. The 
highest cooking weight was obtained when sample was made with a long mixing time 
(Figure 8.10(A)). Low cooking loss was conversely attained when mixing time was 
around 3 to 4 min and R1 between 0 to 8 min (Figure 8.10(B)).  
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Table 8.15 Estimated coefficients for responses on mixing and resting time (in coded units) 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Intercept 
A (mixing time) 
B (R1) 
C (R2) 
AB 
AC 
BC 
A2 
B2 
C2 
81.80 
-0.03 
-0.39 
-0.19 
0.02 
0.42 
-0.10 
-1.29 
-0.32 
0.54 
-1.71 
0.02 
-0.03 
0.02 
0.03 
-0.01 
0.07 
-0.04 
-0.05 
0.11 
17.14 
0.06 
0.06 
-0.07 
-0.06 
0.11 
-0.11 
-0.10 
-0.06 
-0.11 
19.64 
-1.14 
-0.16 
-0.27 
0.31 
0.42 
-0.97 
-1.92 
2.35 
-2.14 
19.00 
0.94 
-0.28 
-1.12 
0.17 
-0.01 
-1.34 
1.22 
0.76 
1.02 
3.54 
-0.46 
-0.13 
2.32E-003 
-0.08 
0.22 
7.38E-003 
-0.28 
-3.07E-003 
-0.19 
164.71 
4.10 
1.65 
-1.61 
-2.59 
0.38 
0.64 
6.84 
-2.40 
1.00 
11.35 
-0.35 
0.41 
0.47 
0.25 
-0.60 
0.80 
1.24 
-0.07 
-0.22 
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Table 8.16 F-values and R2 for responses on mixing and resting time 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Model 
A (mixing time) 
B (R1) 
C (R2) 
AB 
AC 
BC 
A2 
B2 
C2 
Lack of fit 
R2 
0.68 
3.78E-003 
0.84 
0.20 
1.79E-003 
0.81 
0.04 
2.55 
0.16 
0.45 
0.72 
0.3785 
0.83 
0.32 
0.93 
0.21 
0.49 
0.10 
2.94 
0.27 
0.44 
2.47 
1.64 
0.4277 
0.40 
0.19 
0.19 
0.33 
0.16 
0.61 
0.61 
0.16 
0.06 
0.19 
1.00 
0.2669 
2.97 
5.82* 
0.11 
0.33 
0.35 
0.62 
3.34 
4.51 
6.77* 
5.59* 
1.71 
0.7276 
3.26* 
3.69 
0.34 
5.23* 
0.10 
5.15E-004 
6.03* 
1.72 
0.67 
1.21 
39.87*** 
0.7458 
1.11 
5.81* 
0.44 
1.49E-004 
0.14 
1.12 
1.21E-003 
0.62 
7.17E-005 
0.26 
0.75 
0.5003 
0.97 
3.07 
0.50 
0.48 
0.98 
0.02 
0.06 
2.35 
0.29 
0.05 
1.14 
0.4648 
0.96 
0.55 
0.73 
0.99 
0.21 
1.28 
2.27 
1.86 
5.11E-003 
0.06 
0.93 
0.4635 
* Significant at p<0.05. 
*** Significant at p<0.001. 
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Figure 8.8 Response surfaces for the effect of mixing and resting time on (A) L*, 
(B) a*, and (C) b* values of instant noodles 
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Figure 8.9 Response surfaces for the effect of mixing and resting time on (A) 
hardness, (B) fat content, and (C) moisture content of instant noodles 
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Figure 8.10 Response surfaces for the effect of mixing and resting time on (A) 
cooking weight and (B) cooking loss of instant noodles 
 
 
8.4.2 Optimisation of mixing and resting time  
 
A number of solutions for the optimum condition of mixing and resting time were 
obtained (Table 8.17). Again, since the predicted responses for different combinations 
did not vary very much, hence the times for mixing of 5 min, R1 of 11 min, and R2 of 
30 min were selected as this combination gave the highest desirability values.  
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Table 8.17 Solutions for the optimum mixing and resting time of instant noodles  
 
    Predicted response  
Sol. 
No. 
Mixing 
time 
(min) 
R1 
(min) 
R2 
(min) 
L* a* b* Hardness 
(N) 
Fat 
(%) 
Moisture 
(%) 
Cooking 
wt (%) 
Cooking 
loss (%) 
Desirability 
1 
2 
3 
4 
5 
6 
7 
8 
5 
5 
5 
4 
4 
4 
4 
4 
11 
10 
9 
13 
12 
11 
15 
17 
30 
30 
30 
0 
0 
0 
0 
0 
81.6 
81.7 
81.7 
82.0 
82.0 
82.0 
82.0 
82.1 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 
17.1 
17.1 
17.1 
17.0 
17.0 
17.0 
17.1 
17.1 
15.6 
15.8 
15.9 
16.3 
16.4 
16.3 
16.6 
17.1 
21.1 
21.0 
21.3 
21.8 
21.8 
21.7 
21.9 
21.9 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
172.9 
172.3 
172.7 
171.1 
171.1 
171.2 
170.8 
169.7 
11.3 
11.2 
11.1 
11.2 
11.2 
11.2 
11.1 
10.9 
0.625 
0.624 
0.624 
0.621 
0.621 
0.620 
0.620 
0.614 
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8.4.3 Verification of the model on the optimum mixing and resting time 
 
The adequacy of the model for predicting optimum response values was tested using 
mixing time of 5 min, R1 of 11 min, and R2 of 30 min. Results (Table 8.18) shows that 
the actual values obtained were close to that of the predicted values and they were not 
significantly different at 5% level except for b* value.  
 
Table 8.18 Comparison of predicted and experimental value for the responses at 
optimum mixing and resting time 
 
Response Predicted 
value 
Actual 
value ± SD 
Standard 
error 
Mean 
difference 
Sig. (2 
tailed) 
L* 
a* 
b* 
Hardness (N) 
Fat (%) 
Moisture (%) 
Cooking weight (%) 
Cooking loss (%) 
81.6 
-1.6 
17.1 
15.6 
21.1 
3.0 
172.9 
11.3 
81.5 ± 1.1 
-1.7 ± 0.5 
17.6 ± 0.8 
15.2 ± 1.1 
21.4 ± 1.1 
3.2 ± 0.5 
172.7 ± 2.6 
11.5 ± 1.3 
0.28 
0.13 
0.21 
0.28 
0.37 
0.16 
0.86 
0.43 
-0.07 
-0.13 
0.55 
-0.37 
0.26 
0.16 
-0.19 
0.17 
0.818 
0.316 
0.021 
0.209 
0.498 
0.337 
0.832 
0.693 
 
 
8.5 General discussion of instant noodle processing procedures 
 
From the trials and results reported in this chapter, various processing procedures have 
been evaluated and a number of these have been shown to have some impact in the 
attributes of instant noodles. Increasing the time of frying increased the L* and b* 
values, hardness, fat content and cooking loss, whereas higher temperatures positively 
influenced the colour, fat uptake, cooking weight and cooking loss. Steaming time and 
number of folding in contrast affected the colour, hardness and moisture content 
positively. Increased in a* and b* values, fat content and cooking weight was achieved 
as mixing time increased. In addition, positive correlation was found between resting 
time and a* value, moisture content, cooking weight and cooking loss. The optimised 
conditions for frying time and temperature, steaming time, number of folding, mixing 
time, R1 and R2 were 1.03 min, 165 °C, 2 min, 4 times, 5 min, 11 min, and 30 min 
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respectively. While varying the time and temperature of frying affected the 
characteristics significantly, the remainder of the conditions had relatively little 
influence on the characteristics of the instant noodles. 
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Chapter 9 
 
Results and discussion: the impact of ingredient formulation 
on the quality attributes of Asian instant noodles 
 
 
The purpose of this chapter is to describe and discuss the results obtained for the quality 
of instant noodles by varying the selected ingredients including the amount of alkaline 
salts and their ratio as well as the level of salt in the formulation.  
 
9.1  Introduction 
 
In relation to Asian noodles generally, ingredients are one of the most important 
determinants of the final quality of the products especially in regards to colour and 
texture. Alkaline salts are one of the significant ingredients influencing the attributes of 
traditional yellow alkaline noodles. It has also been reported that in the case of instant 
noodles alkaline salts contribute to the development of the desired bright yellow colour 
(Asenstorfer, Wang & Mares, 2006). In addition, the presence of salt is known to 
enhance the textural attributes. The addition of 2 or 3% of salt in the formulation of 
Asian noodles has the effect of tightening the gluten structure, accelerating water uptake 
during cooking and minimising cracking during drying. 
 
The aim of this part of the study has been to investigate the impact of varying the 
amount of salt and kansui as well as the ratio of sodium carbonate and potassium 
carbonate in formulation on the final attributes of instant Asian style noodles. RSM was 
used as the model to evaluate and to determine the optimum level of these ingredients 
on the colour, texture, and cooking properties of the final product. The two independent 
variables studied were level of salt and kansui, and the ratio of sodium carbonate and 
potassium carbonate.  
 
9.2 The amount of salt and alkaline salts  in instant noodles formulation 
 
Salt in instant noodles formulation has several impacts on the final product quality 
including to enhance flavour, improve texture and some others as outlined in Section 
2.3.2. The use of kansui in instant noodles serves the same purposes as in yellow 
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alkaline noodles which is primarily for the development of yellow colour in the final 
product. Kansui also has other functions in yellow alkaline noodles as given in Section 
2.3.2. For the current studies, the levels of salt (0 - 2%) and kansui (0.0 - 0.5%) were 
selected for the evaluation as these amounts have generally been either used in 
experimental preparation of instant noodles or referred to in previous reports in the 
literature. Thirteen experiments with different combinations of salt and kansui levels 
were carried out in the order presented in Table 9.1.  
 
Table 9.1 Central composite design for the study of salt and kansui levels in the 
formulation of instant noodles 
 
 Coded variables Actual variables 
Experiment 
number 
X1 X2 Salt (%) Kansui (%) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 
1 
0 
-1 
-1 
0 
0 
-1 
0 
0 
0 
1 
0 
-1 
0 
0 
-1 
1 
-1 
0 
0 
0 
1 
0 
1 
0 
2 
2 
1 
0 
0 
1 
1 
0 
1 
1 
1 
2 
1 
0.00 
0.25 
0.25 
0.00 
0.50 
0.00 
0.25 
0.25 
0.25 
0.50 
0.25 
0.50 
0.25 
 
 
The results of these trials (Table 9.2) show that the levels of salt and kansui in the 
formulation have the least impact on a* value with only small variations in the range of 
1.2 to 2.1. The significant impacts at p<0.05 were for L* values of 61.4 - 73.2, b* values 
of 12.8 - 23.5 as well as cooking weight of 154.2 – 207.6%.  
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Table 9.2 Quality of instant noodles affected by the amount of salt and alkaline salts 
 
Experiment 
number 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%) 
Cooking loss 
(%) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
71.1ab 
71.7ab 
71.0ab 
68.6bcd 
66.2cd 
71.3ab 
73.2a 
69.8abc 
69.5abc 
61.4e 
73.2a 
65.3de 
70.2abc 
-1.6ab 
-1.7ab 
-2.0ab 
-1.7ab 
-1.2ab 
-1.5ab 
-2.1a 
-2.0ab 
-1.7ab 
-1.0b 
-1.8ab 
-2.0ab 
-2.1ab 
12.8a 
16.2b 
15.6b 
12.3a 
23.1cd 
12.8a 
16.0b 
16.8b 
16.3b 
23.5d 
16.0b 
21.3c 
15.7b 
13.1abc 
16.4d 
15.2cd 
15.3cd 
13.8bc 
11.4a 
14.3bcd 
12.6ab 
14.1bc 
13.2abc 
14.1bc 
13.3abc 
14.0bc 
24.1abc 
23.7ab 
22.8a 
26.7de 
26.2cde 
24.8abcd 
23.5ab 
25.5bcde 
26.3cde 
27.7e 
23.4ab 
25.6bcde 
24.6abcd 
2.3ab 
1.7de 
2.4a 
2.1bc 
1.6e 
2.0bc 
2.4a 
2.1bc 
2.1bc 
1.6e 
2.0cd 
2.0cd 
2.5a 
157.1ab 
154.2a 
168.4abc 
155.4ab 
207.6d 
168.7abc 
166.4abc 
177.8cd 
171.4abc 
199.7d 
172.0bc 
198.2d 
168.6abc 
16.8a 
12.4cde 
11.7de 
14.1bc 
10.1e 
14.8ab 
13.3bcd 
13.5bcd 
12.9bcd 
14.2bc 
12.6bcd 
13.3bcd 
13.4bcd 
Means followed by the same letter within a column are not significantly different at p<0.05. 
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Figure 9.1 A comparison of the colour of instant noodles made with different 
amounts of salt and kansui 
 
 
9.2.1 The impact of salt and kansui levels on the quality of instant noodles 
 
L* values showed positive and negative effects related to the amounts of salt and kansui 
respectively as shown in Table 9.3. Significant impact was also found in the linear term 
(p<0.01) and quadratic term (p<0.001) of kansui level (Table 9.4). The highest L* value 
was found in noodles made with a combination of 1.5 to 2.0% salt and 0.00 to 0.25% 
kansui (Figure 9.2(A)). This result of brighter noodles produced with increased amount 
of salt is consistent with the results from Moss (1971) in which yellow alkaline noodles 
were evaluated . 
 
Correlations which appeared to be negative and positive were observed in the linear 
terms of salt and kansui respectively in relation to a* value (Table 9.3). However these 
terms as well as the interaction between the variables and the quadratic term of salt were 
not significant at p<0.05 (Table 9.4). The quadratic term for the amount of kansui 
positively (Table 9.3) and significantly (p<0.05) (Table 9.4) influenced the a* value.  
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Regardless of the amount of salt, there was a positive (Figure 9.2(C)) and significant 
impact on the linear (p<0.001) and quadratic (p<0.01) term of kansui level on b* value 
(Table 9.4). This result is in agreement with studies reported by Shelke et al. (1990). 
The highest b* value was obtained when samples were made with higher amounts of 
kansui of around 0.45 to 0.50% (Figure 9.2(C)). 
 
There was a positive impact on the linear, quadratic as well as the interaction between 
variables on the hardness of instant noodles (Table 9.3). The presence of salt of up to 
2% (Dexter, Matsuo, & Dronzek, 1979) and increasing the amount of alkaline salts 
(Moss, Miskelly, & Moss, 1986) was previously shown to improve noodle dough 
characteristics and that is consistent with results found for instant noodles in this current 
study. The hardest texture of the cooked noodles was obtained when noodles were made 
with higher amounts of salt and kansui levels of between 1.75 – 2.00% and 0.13 - 0.25% 
respectively (Figure 9.3(A)).  
 
Fat content was affected negatively and positively on the linear term of salt and kansui 
respectively (Table 9.3). The lowest fat content was found in noodles made with 1.5 - 
2.0% salt and 0.13 - 0.25% of kansui (Figure 9.3(B)).  
 
Moisture content on the other hand was positively and negatively correlated with the 
level of salt and kansui respectively (Table 9.3). Samples made with low amounts of 
salt, between 0.0 and 0.5%, in combination with higher levels of kansui incorporation of 
around 0.45 to 0.50% resulted in the lowest moisture contents (Figure 9.3(C)).   
 
Despite the apparent impact they had on these particular parameters, hardness, fat, and 
moisture content were not affected significantly (p<0.05) by the amount of salt at 0 - 2% 
and kansui within the range of 0.0 - 0.5% (Table 9.4). There were significant positive 
and negative impacts (Table 9.4) of kansui level for cooking weight and cooking loss 
respectively (Table 9.3). Figures 9.4 A and B show that within the range of the amount 
of salt and kansui studied, the highest cooking weight was obtained in noodles made 
with salt of around 0.0 to 1.5% and kansui of 0.45 to 0.50%. Conversely, salt within the 
range of 0.00 to 0.25%, in conjunction with kansui of 0.25 to 0.50%, resulted in low 
cooking loss compared to other combinations.  
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Table 9.3 Estimated coefficients for responses on salt and alkaline salts level (in coded units) 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Intercept 
A (salt) 
B (kansui) 
AB 
A2 
B2 
71.12 
0.58 
-3.01 
-0.84 
0.37 
-4.08 
-1.88 
-0.05 
0.10 
-0.23 
-0.16 
0.49 
16.10 
-0.31 
5.00 
-0.56 
-0.90 
1.60 
14.16 
0.19 
0.08 
0.44 
0.84 
-1.36 
24.28 
-0.85 
0.66 
0.52 
-0.02 
1.61 
2.20 
0.03 
-0.22 
0.05 
-0.11 
-0.20 
169.51 
-5.21 
20.71 
-2.77 
-3.97 
14.24 
12.93 
0.80 
-1.34 
0.13 
-0.37 
1.21 
 
Table 9.4 F-values and R2 for responses on salt and alkaline salts level 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Model 
A (salt) 
B (kansui) 
AB 
A2 
B2 
Lack of fit 
R2 
5.75* 
0.53 
14.25** 
0.75 
0.10 
12.03* 
1.65 
0.8041 
3.07 
0.24 
0.96 
3.39 
1.10 
10.72* 
2.65 
0.6869 
115.21*** 
2.12 
540.72*** 
4.60 
0.08 
25.46** 
7.08* 
0.9880 
0.70 
0.11 
0.02 
0.42 
1.06 
2.75 
17.06** 
0.3331 
2.23 
2.95 
1.78 
0.74 
9.85E-004 
4.90 
0.48 
0.6143 
1.21 
0.051 
3.31 
0.11 
0.39 
1.27 
2.14 
0.4635 
20.01*** 
4.92 
77.18*** 
0.92 
1.30 
16.80** 
13.21* 
0.9346 
2.33 
2.39 
6.69* 
0.04 
0.24 
2.50 
7.14* 
0.6244 
* Significant at p<0.05. 
** Significant at p<0.01. 
*** Significant at p<0.001.
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Figure 9.2 Response surfaces for the effect of salt and alkaline salts on (A) L*, 
(B) a*, and (C) b* values of instant noodles 
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Figure 9.3 Response surfaces for the effect of salt and alkaline salts on (A) 
hardness, (B) fat content, and (C) moisture content of instant noodles 
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Figure 9.4 Response surfaces for the effect of salt and alkaline salts on (A) 
cooking weight and (B) cooking loss of instant noodles 
 
 
9.2.2 Optimisation of levels of salt and alkaline salts for instant noodles 
 
From the results in Table 9.5, the optimised level indicated was 2% salt and 0.15% 
kansui. However for the experiments in the subsequent series of trials, 1% salt and 
0.24% kansui were used. This decision was taken because this combination had the 
highest desirability level for 1% salt incorporation. In reality 2% of salt in instant 
noodle formulations would result in final products that are very salty. This may be 
attractive to some consumers but would not be consistent with current dietary guidelines 
for reduced salt intakes for health reasons. 
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Table 9.5 Solutions for the optimum amount of salt and alkaline salts in instant noodle formulations 
 
   Predicted response  
Sol. 
No. 
Salt 
(%) 
Kansui 
(%) 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking wt 
(%) 
Cooking 
loss (%) 
Desirability 
1 
2 
3 
4 
5 
2 
2 
1 
1 
0 
0.15 
0.10 
0.24 
0.16 
0.29 
72.9 
72.9 
71.2 
71.7 
70.4 
-2.0 
-1.8 
-1.9 
-1.9 
-1.9 
14.2 
13.6 
15.9 
14.5 
17.3 
14.8 
14.4 
14.2 
14.0 
14.7 
23.2 
23.3 
24.3 
24.3 
25.2 
2.2 
2.1 
2.2 
2.3 
2.0 
155.5 
154.7 
168.7 
163.9 
175.0 
14.0 
14.5 
13.0 
13.6 
11.5 
0.701 
0.700 
0.661 
0.644 
0.593 
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9.2.3 Verification of the model on the optimum amount of salt and alkaline salts 
 
The amount of salt and kansui used for testing the adequacy of the model in predicting 
the optimum response values was 1% and 0.24% respectively. The results (Table 9.6) 
show that the actual values obtained were close to those of the predicted values and they 
were not significantly different at 5% level except for cooking loss. 
 
Table 9.6 Comparison of predicted and experimental value for the responses at 
optimum salt and alkaline salts level 
 
Response Predicted 
value 
Actual 
value ± SD 
Standard 
error 
Mean 
difference 
Sig. (2 
tailed) 
L* 
a* 
b* 
Hardness (N) 
Fat (%) 
Moisture (%) 
Cooking weight (%) 
Cooking loss (%) 
71.2 
-1.9 
15.9 
14.2 
24.3 
2.2 
168.7 
13.0 
71.4 ± 1.2 
-2.0 ± 0.7 
15.5 ± 0.9 
14.7 ± 1.1 
23.6 ± 1.2 
2.5 ± 0.4 
166.4 ± 5.8 
13.7 ± 0.7 
0.31 
0.17 
0.24 
0.28 
0.41 
0.13 
1.95 
0.23 
0.21 
-0.09 
-0.36 
0.53 
-0.75 
0.28 
-2.28 
0.67 
0.509 
0.595 
0.154 
0.080 
0.103 
0.061 
0.276 
0.021 
 
 
9.3 The ratio of sodium carbonate and potassium carbonate in instant noodle 
formulations 
 
Sodium carbonate and potassium carbonate are the commonly used combination as the 
alkaline salt mixture in instant noodle formulations, although the ratio of the two varies. 
The presence of Na+ ions strengthens the bonding forces within the starch granules and 
sodium carbonate has been known to affect the properties of cooked noodles including 
colour and texture. The importance of alkaline salts that has been gleaned from research 
into traditional yellow alkaline noodles has been summarised in Section 2.3.2 and the 
results presented in Section 9.2 confirms this for instant Asian noodles. Therefore the 
objective of the next series of experiments has been to investigate the impact of the ratio 
of kansui on the quality of instant noodles. An expanded range of Na2CO3:K2CO3 ratios 
of 1:9 to 9:1 was chosen for the evaluation as instant noodles. This reflects traditional 
practice for preparation of yellow alkaline products as well as instant noodles as the 
inclusion of kansui is usually made within this range (Moss et al., 1987; Yahata et al., 
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2006; Yu & Ngadi, 2006). Ten experiments with different ratio of Na2CO3 and K2CO3 
were carried out in the order presented in Table 9.7.  
 
Table 9.7 Central composite design for the study of alkaline salts ratio in instant 
noodle formulations 
 
 Coded variables Actual variables (ratio) 
Experiment 
number 
X1 X2 Na2CO3  K2CO3  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
0.0 
0.0 
0.5 
0.5 
-0.5 
0.0 
1.0 
-1.0 
0.0 
-0.5 
0.0 
0.0 
0.9 
-0.9 
0.9 
0.0 
0.0 
0.0 
0.0 
-0.9 
1.0 
1.0 
7.0 
7.0 
3.0 
1.0 
9.0 
1.0 
1.0 
3.0 
1.0 
1.0 
8.5 
1.5 
8.5 
1.0 
5.0 
5.0 
1.0 
1.5 
 
 
The results from this series of trials are presented in Table 9.8. a* and b* values as well 
as hardness and cooking weight of instant noodles were not influenced by the variation 
of the ratio between sodium carbonate and potassium carbonate (p<0.05). This is 
indicated in Table 9.8 where means for these responses are followed by the same letter. 
The remaining responses investigated were affected by the ratio of alkaline salts in the 
formulation at p < 0.05.  
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Table 9.8 The quality characteristics of instant noodles affected by the ratio of alkaline salts 
 
Experiment 
number 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%) 
Cooking loss 
(%) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
69.9a 
69.8a 
71.1ab 
73.7b 
70.9ab 
69.5a 
70.0a 
71.2ab 
69.4a 
70.4a 
-2.1a 
-2.2 a 
-2.0 a 
-2.5 a 
-2.1 a 
-1.7 a 
-2.3 a 
-2.5 a 
-2.4 a 
-1.8 a 
14.4a 
15.9a 
15.1a 
15.0a 
15.3a 
14.3a 
15.7a 
15.8a 
15.2a 
15.0a 
17.5a 
16.6a 
17.6a 
17.3a 
16.3a 
16.4a 
16.2a 
17.2a 
16.4a 
16.2a 
25.1ab 
24.0ab 
24.3ab 
20.9c 
25.6a 
24.1ab 
25.9a 
22.9bc 
24.7ab 
24.4ab 
2.6a 
2.4ab 
2.3b 
2.6a 
2.0c 
2.4ab 
1.9c 
2.4ab 
2.4ab 
2.4ab 
176.4a 
179.2a 
169.2a 
174.7a 
180.4a 
178.1a 
179.9a 
170.5a 
172.4a 
183.0a 
14.6abcde 
15.3cde 
11.3a 
11.8ab 
15.0bcd 
17.2e 
15.8cde 
12.6abc 
16.1de 
13.5abcd 
Means followed by the same letter within a column are not significantly different at p<0.05. 
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9.3.1 The impact of the ratio of alkaline salts on the quality of instant noodles 
 
On the linear term, increasing Na2CO3 showed a positive correlation towards L* value, 
hardness, fat content and cooking loss, and a negative correlation on a* and b* values, 
moisture content and cooking weight. K2CO3 on the other hand impacted the L* value, 
moisture content and cooking weight negatively, and positively on the rest of the 
responses (Table 9.9). Results (Table 9.10) show no significant (p<0.05) relationship 
between kansui ratio and the investigated responses in linear and quadratic term as well 
as the interaction between Na2CO3:K2CO3 ratio of 1:9 to 9:1. It is interesting to note that 
the study by Shelke et al. (1990) demonstrated significant effects upon addition of 1% 
Na2CO3 to the colour (p<0.001), pH (p<0.001), and firmness (p<0.05) of the cooked 
noodles at both linear and quadratic terms. The differences between these and the results 
of the current study can perhaps be attributed to the ratio of Na2CO3 and K2CO3 in this 
study being an incomplete measure of the responses studied and might also be due to 
the amount of kansui being substantially lower (0.24%) compared to that used for the 
traditional noodles made by Shelke et al. (1990) where 1% of only Na2CO3 was used.  
 
Figure 9.5(A) shows that L* value was slightly affected by varying the ratio of kansui. 
The highest L* value was found in Na2CO3:K2CO3 ratio of 8 – 9:1.5 - 2. Low a* value 
was achieved either in a mixture of low amount of Na2CO3 and high amount of K2CO3 
or high Na2CO3 and low K2CO3 (Figure 9.5(B)). A ratio of around 1 for Na2CO3 and 
greater than 6 for K2CO3 resulted in a high b* value (Figure 9.5(C)).  
 
Very little impact on hardness and cooking weight were observed when the ratio was 
varied, as depicted in Figure 9.6(A) and Figure 9.7(A) respectively. Na2CO3:K2CO3 
ratio of around 9:8.5 or 1:1 produced end products with high levels of fat content 
compared to other ratios studied (Figure 9.6(B)). Conversely, low moisture contents 
were found for Na2CO3:K2CO3 ratios of either 1:9 or 1:1 (Figure 9.6(C)). 
Na2CO3:K2CO3 ratio of around 1:1 resulted in low cooking losses as shown in Figure 
9.7(B).
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Table 9.9 Estimated coefficients for responses on alkaline salts ratio (in coded units) 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Intercept 
A (Na2CO3) 
B (K2CO3) 
AB 
A2 
B2 
69.64 
0.20 
-0.62 
-1.78 
0.96 
2.23 
-2.09 
-0.01 
0.07 
0.46 
-0.33 
0.10 
14.96 
-0.04 
0.13 
-0.09 
0.79 
-0.08 
16.74 
0.08 
0.10 
0.13 
-0.07 
0.15 
24.45 
0.18 
1.33 
1.29 
-0.06 
-0.84 
2.46 
-0.08 
-0.23 
0.08 
-0.30 
-0.08 
176.52 
-0.12 
-2.32 
-1.68 
-1.28 
0.82 
15.78 
0.15 
0.28 
-1.10 
-1.62 
-3.33 
 
Table 9.10 F-values and R2 for responses on alkaline salts ratio 
 
Variables L* a* b* Hardness Fat Moisture Cooking weight Cooking loss 
Model 
A (Na2CO3) 
B (K2CO3) 
AB 
A2 
B2 
Lack of fit 
R2 
2.28 
0.13 
1.22 
2.47 
1.28 
6.89 
58.25** 
0.7405 
0.91 
7.08E-003 
0.19 
2.12 
1.93 
0.17 
1.03 
0.5330 
0.44 
0.01 
0.12 
0.02 
1.96 
0.02 
0.00 
0.3540 
0.03 
0.03 
0.04 
0.02 
9.85E-003 
0.04 
6.79 
0.0336 
0.55 
0.03 
1.92 
0.45 
1.48E-003 
0.34 
38.41** 
0.4063 
1.32 
0.44 
3.40 
0.10 
2.58 
0.20 
10.31* 
0.6226 
0.11 
1.01E-003 
0.39 
0.05 
0.05 
0.02 
15.84* 
0.1163 
0.91 
0.02 
0.06 
0.23 
0.87 
3.70 
9.98 
0.5309 
* Significant at p<0.05. 
** Significant at p<0.01. 
*** Significant at p<0.001.
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Figure 9.5 Response surfaces for the effect of ratio of alkaline salts on (A) L*, 
(B) a*, and (C) b* values of instant noodles 
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Figure 9.6 Response surfaces for the effect of ratio of alkaline salts on (A) 
hardness, (B) fat content, and (C) moisture content of instant noodles 
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Figure 9.7 Response surfaces for the effect of ratio of alkaline salts on (A) 
cooking weight and (B) cooking loss of instant noodles 
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Table 9.11 Solutions for the optimum ratio of sodium carbonate and potassium carbonate in instant noodle formulations 
 
   Predicted response  
Sol. 
No. 
Na2CO3 
(ratio) 
K2CO3 
(ratio) 
L* a* b* Hardness 
(N) 
Fat 
(%) 
Moisture 
(%) 
Cooking wt 
(%) 
Cooking 
loss (%) 
Desirability 
1 
2 
3 
4 
5 
7.6 
7.7 
1.7 
1.7 
1.0 
1.0 
1.1 
9.0 
8.9 
1.0 
74.2 
74.1 
73.2 
73.1 
71.5 
-2.5 
-2.5 
-2.5 
-2.5 
-1.9 
15.1 
15.1 
15.6 
15.6 
15.5 
16.7 
16.7 
16.8 
16.8 
16.8 
21.5 
21.6 
23.7 
23.7 
23.3 
2.4 
2.4 
2.0 
2.0 
2.5 
180.1 
180.0 
175.6 
175.6 
176.8 
12.3 
12.4 
12.4 
12.5 
12.5 
0.734 
0.728 
0.674 
0.665 
0.501 
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9.3.3 Verification of the model on the optimum ratio of sodium carbonate and 
potassium carbonate 
 
The Na2CO3:K2CO3 ratio used for testing the adequacy of the model in predicting the 
optimum response values was 8:1. Results (Table 9.12) shows that the actual values 
obtained were close to that of the predicted values and they were not significantly 
different at 5% level except for a* value.  
 
Table 9.12 Comparison of predicted and experimental value for the responses at 
optimum ratio of sodium carbonate and potassium carbonate 
 
Response Predicted 
value 
Actual 
value ± SD 
Standard 
error 
Mean 
difference 
Sig. (2 
tailed) 
L* 
a* 
b* 
Hardness (N) 
Fat (%) 
Moisture (%) 
Cooking weight (%) 
Cooking loss (%) 
74.2 
-2.5 
15.1 
16.7 
21.5 
2.4 
180.1 
12.3 
74.0 ± 0.9 
-2.0 ± 0.6 
14.9 ± 0.8 
16.5 ± 1.0 
21.3 ± 0.7 
2.6 ± 0.5 
180.0 ± 5.8 
12.2 ± 0.7 
0.24 
0.15 
0.20 
0.25 
0.24 
0.18 
1.94 
0.24 
-0.20 
0.49 
-0.25 
-0.22 
-0.16 
0.18 
-0.09 
-0.11 
0.425 
0.006 
0.229 
0.402 
0.508 
0.338 
0.963 
0.656 
 
 
9.4 General discussion of the results obtained for the formulation of instant 
noodles 
 
In summarising the results that have been presented in this chapter, varying the amount 
of salt and alkaline salts did affect the attributes of the instant noodles. Positive 
correlations were found between the level of salt and L* value, hardness, moisture 
content, and cooking loss. However, negative impacts were observed for the quantity of 
kansui and L* value, moisture content and cooking loss. 
 
The optimised formulation involving the amounts of salt, kansui, and the relative 
proportions of sodium carbonate and potassium carbonate were 1%, 0.24%, and 8:1 
respectively. In addition, the overall level of alkaline salts affected the colour and 
cooking properties of the instant noodles significantly. In contrast, salt and the 
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proportion of Na2CO3 to K2CO3 did not significantly influence the characteristics of the 
instant Asian noodles. 
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Chapter 10 
 
Results and discussion: the effect of lipase in conjunction with 
alkaline salts on the quality of Asian instant noodles  
 
 
The purpose of this chapter is to present and discuss the results obtained when lipase 
was incorporated into the formulation of instant noodles. This encompasses varying the 
amount of lipase and kansui incorporated into the formulation with the objective of 
optimising the levels to give the desired characteristics of the final products.  
 
10.1  Introduction 
 
Consumers usually choose their noodles based upon preferences relating to the 
appearance particularly colour and the absence of undesirable specks followed by 
texture characteristics (Hatcher & Anderson, 2007). As described in previous chapters, 
noodle colour and texture are affected by various factors including raw materials, 
formulation and processing. The presence of specks in contrast is primarily caused by 
the level of flour extraction (Si & Drost-Lustenberger, 2002) achieved during the 
milling process. The ash content of flour is often used as an indicator of the extent to 
which fragments of bran are present.  
 
Lipase has been used widely in the broader food industries as reviewed in Chapter 4. 
For the current study, a fungal lipase preparation was used as it has specifically been 
promoted by the commercial manufacturer for application in noodles (see Appendix). 
The purpose of this study has been to evaluate its potential for reducing the specks, in 
association with varying amount of alkaline salts to examine the impact on the 
appearance, texture, and cooking properties of instant noodles. Optimum levels of these 
factors were then determined by applying RSM.  
 
10.2 Lipase and alkaline salts  
 
Instant noodles were made by incorporating lipase and small, controlled amounts of 
bran so that the effect on appearance could be determined by counting of the specks. 
Trials were carried out on varying levels of kansui ranging from 0 to 2% and the 
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amount of lipase was 0.0 - 0.2% which is equivalent to 0 – 600 KLU/kg flour (where 
KLU refers to kilolipase units as defined by the manufacturer (Appendix). Thirteen 
experiments which include five replicates of the centre point were done according to a 
second order central composite design as presented in Table 10.1. 
 
Table 10.1 Central composite design for the study of lipase and alkaline salts 
 
 Coded variables Actual variables 
Experiment 
number 
X1 X2 Kansui (%) Lipase (%) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
-1 
0 
-1 
0 
-1 
0 
1 
0 
0 
0 
1 
1 
0 
0 
0 
-1 
0 
1 
-1 
-1 
0 
0 
0 
1 
0 
1 
0.0 
1.0 
0.0 
1.0 
0.0 
1.0 
2.0 
1.0 
1.0 
1.0 
2.0 
2.0 
1.0 
0.1 
0.1 
0.0 
0.1 
0.2 
0.0 
0.0 
0.1 
0.1 
0.1 
0.2 
0.1 
0.2 
 
 
The use of lipase in conjunction with alkaline salts at different levels in the formulation 
was found to affect the colour, speckiness, texture, fat and moisture contents as well as 
cooking weight. On the other hand, there was generally no influence on the cooking loss 
(Table 10.2). 
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Table 10.2 The quality of instant noodles affected by the amounts of lipase and alkaline salts 
 
Experiment 
number 
L* a* b* Specks 
(/47.8cm2) 
Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%)
Cooking 
loss (%) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
63.8ab 
70.8abc 
70.3abc 
72.4bc 
69.2abc 
70.8abc 
62.3a 
69.8abc 
66.8abc 
67.8abc 
69.5abc 
70.1abc 
73.9c 
-2.1a 
-1.6abc 
-1.8ab 
-0.7bc 
-1.2abc 
-1.0abc 
1.5d 
-0.9abc 
-0.4c 
-0.4c 
-1.1abc 
-0.8bc 
-1.1abc 
11.1a 
27.8cde 
12.5a 
28.3cde 
11.7a 
26.2bc 
31.8f 
26.6bcd 
28.9de 
28.8de 
29.6ef 
30.2ef 
24.7b 
62.8ab 
53.0bcd 
47.4cde 
58.0b 
42.2ef 
72.0a 
30.8g 
57.0bc 
57.6b 
55.0bcd 
35.8fg 
31.2g 
46.6de 
14.6ab 
17.6bcde 
14.9ab 
16.7abcd 
13.7a 
15.9abc 
19.5defg 
18.4cdef 
17.5bcde 
18.8cdef 
22.2g 
21.5fg 
20.2efg 
33.7a 
23.8c 
30.5b 
24.1c 
30.2b 
21.9de 
21.0e 
24.3c 
24.2c 
23.8c 
21.3e 
21.1e 
23.4cd 
2.7cd 
2.4abc 
2.3abc 
2.4abc 
2.3abc 
3.0de 
2.6abc 
2.4abc 
2.3ab 
2.2a 
3.3e 
2.7bcd 
2.4abc 
151.8ab 
174.5cde 
150.9a 
170.6bcd 
161.8abc 
179.3cdef 
184.0def 
181.0cdef 
181.5def 
178.2cdef 
193.8ef 
191.2ef 
194.4f 
20.3a 
11.3b 
22.1a 
9.5b 
20.6a 
9.3b 
9.3b 
10.6b 
10.2b 
10.3b 
10.1b 
10.3b 
9.6b 
Means followed by the same letter within a column are not significantly different at p < 0.05. 
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10.2.1 The impact of lipase and alkaline salts on the quality of instant noodles 
 
The amount of kansui has a negative impact on the L* value, speckiness, fat uptake and 
cooking loss, and positive impact on a* and b* values, hardness, moisture, and cooking 
weight (Table 10.3). Significant relationships in the linear term were found in a* 
(p<0.01) and b* (p<0.001) values, speckiness (p<0.05), hardness (p<0.001), fat content 
(p<0.001), cooking weight (p<0.001), and cooking loss (p<0.001) in relation to the 
amount of alkaline salts as presented in Table 10.4.  
 
Conversely, the amount of lipase had a positive effect on the linear terms for the L* 
value, hardness, fat and moisture content as well as cooking weight, and negatively on 
the remaining responses. The positive impact of lipase on the L* value and hardness of 
instant noodles confirms the claims made by Novozyme, the manufacturer of the lipase. 
In addition, the quadratic term for lipase shows that it impacted positively on L*and a* 
values, moisture uptake, and cooking weight. Negative correlation in contrast was found 
in b* value, speckiness, hardness, fat content, and cooking loss. In the case of lipase, 
significant impact (p<0.05) was only found in the cooking weight and fat uptake of the 
linear and quadratic term respectively (Table 10.4) 
 
The highest L* value was found in the higher range of lipase between 0.15 to 0.20% and 
alkaline salts between 0.5 to 1.5% as shown in Figure 10.1(A). The combination of low 
amount of lipase (0.50 – 0.15%) and kansui (0.50 – 0.75%) tended to give a higher 
green colour to the final products (Figure 10.1(B)). Intense yellow colour in contrast 
was achieved when high amount of alkaline salts (1.5 – 2.0%) were used regardless of 
the amount of lipase present (Figure 10.1(C)).  
 
Regardless of the amount of lipase, a level of kansui of around 2% was found to reduce 
the most amount of specks present in the noodle sheets (Figure 10.2(A)). Texture 
(Figure 10.2(B)) was improved and cooking weight (Figure 10.3(B)) increased when 
both lipase and alkaline salts were added at the higher levels corresponding to 0.15 – 
0.20% and 1.5 – 2.0% respectively. Instant noodles with low fat contents were found in 
samples made with 1 – 2% level of kansui across the range of lipase (0.0 – 0.2%) used 
in this trial (Figure 10.2(C)).  
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In addition, the lowest moisture contents were obtained when amounts of 0.75 – 0.15% 
of lipase and 0.0 – 0.5% of alkaline salts were used (Figure 10.3(A)). Regardless of the 
amount of lipase used, the lowest cooking losses were achieved at levels of kansui 
between 1.0 to 2.0% (Figure 10.3(C)).   
 
Interactions between alkaline salts and lipase showed significant impact (p<0.05) only 
for the a* values. Although these variables appeared to influence the colour, texture, 
and cooking properties of Asian style instant noodles (Table 10.3), these effects were 
not statistically significant (p<0.05) (Table 10.4). 
 
10.2.2 Optimisation of levels of incorporation for lipase and alkaline salts  
 
The optimal amounts of the ingredients found here were approximately 1.6% for kansui 
and for lipase it was 0.2% (Table 10.5) where the amounts were varied in the ranges of 
0 - 2% for of kansui and 0 - 0.2% for lipase. Establishment of these optimum values has 
been based on the highest desirability found using the RSM experimental design to 
achieve good quality instant noodles in terms of appearance including the colour and 
speckiness, texture, fat uptake, moisture content and cooking properties under these 
range of alkaline salts and lipase.  
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Table 10.3 Estimated coefficients for responses on the level of lipase and alkaline salts (in coded units) 
 
Variables L* a* b* Specks Hardness Fat Moisture Cooking 
weight 
Cooking 
loss 
Intercept 
A (kansui) 
B (lipase) 
AB 
A2 
B2 
69.80 
-0.24 
1.54 
2.08 
-3.51 
1.87 
-0.97 
0.81 
-0.35 
-0.79 
-0.12 
0.25 
27.61 
9.39 
-0.76 
-0.35 
-5.80 
-0.98 
57.66 
-9.10 
-4.27 
2.55 
-14.49 
-2.19 
17.92 
3.35 
0.96 
0.97 
-0.11 
-0.12 
24.06 
-5.16 
0.25 
0.14 
3.26 
-1.51 
2.40 
0.20 
5.53E-003 
0.18 
0.14 
0.16 
178.34 
17.41 
5.96 
-0.28 
-9.82 
5.55 
10.20 
-5.53 
-0.04 
0.56 
5.47 
-0.33 
 
Table 10.4 F-values and R2 for responses on the level of lipase and alkaline salts 
 
Variables L* a* b* Specks Hardness Fat Moisture Cooking 
weight 
Cooking 
loss 
Model 
A (kansui) 
B (lipase) 
AB 
A2 
B2 
Lack of fit 
R2 
1.62 
0.04 
1.72 
2.10 
4.12 
1.17 
2.46 
0.5362 
4.99* 
13.42** 
2.49 
8.44* 
0.14 
0.58 
1.61 
0.7808 
78.31*** 
314.29*** 
2.06 
0.30 
55.30*** 
1.59 
3.34 
0.9824 
4.36* 
7.71* 
1.70 
0.40 
9.01* 
0.21 
33.05** 
0.7570 
14.75** 
64.66*** 
5.37 
3.61 
0.035 
0.041 
2.35 
0.9133 
56.62*** 
238.26*** 
0.58 
0.12 
43.79*** 
9.38* 
32.56** 
0.9759 
1.34 
2.82 
2.14E-003 
1.53 
0.60 
0.86 
33.74** 
0.4894 
20.38*** 
80.26*** 
9.40* 
0.014 
11.74* 
3.75 
1.15 
0.9357 
107.16*** 
354.62*** 
0.02 
2.42 
159.55*** 
0.58 
1.72 
0.9871 
* Significant at p < 0.05. 
** Significant at p < 0.01. 
*** Significant at p < 0.001. 
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Figure 10.1 Response surfaces for the effect of varying the amount of lipase and 
alkaline salts on (A) L*, (B) a*, and (C) b* values of instant noodles 
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Figure 10.2 Response surfaces for the effect of varying the amount of lipase and 
alkaline salts on (A) amount of specks, (B) hardness, and (C) fat 
content of instant noodles 
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Figure 10.3 Response surfaces for the effect of varying the amount of lipase and 
alkaline salts on (A) moisture content, (B) cooking weight , and (C) 
cooking loss of instant noodles 
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Table 10.5 Solutions for the optimum amount of lipase used in conjunction with alkaline salts in instant noodle formulations 
 
Predicted response Sol. 
No. 
Kansui 
(%) 
Lipase 
(%) 
L* a* b* Specks 
(/47.8 cm2)
Hardness 
(N) 
Fat 
(%) 
Moisture 
(%) 
Cooking 
weight (%) 
Cooking 
loss (%) 
Desirability 
1 
2 
3 
4 
5 
1.6 
1.5 
1.4 
1.3 
1.6 
0.2 
0.2 
0.2 
0.2 
0.0 
73.0 
73.2 
73.4 
73.4 
67.7 
-1.1 
-1.1 
-1.1 
-1.1 
0.5 
29.2 
29.0 
28.3 
28.3 
31.0 
42.0 
43.5 
47.0 
47.3 
48.7 
21.3 
21.0 
20.3 
20.2 
18.1 
21.0 
21.1 
21.4 
21.5 
20.4 
2.9 
2.8 
2.7 
2.7 
2.6 
196.6 
196.2 
194.7 
194.6 
184.8 
8.8 
8.7 
8.8 
8.8 
8.2 
0.823 
0.823 
0.820 
0.820 
0.715 
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10.2.3 Verification of the model on the optimum amount of lipase and alkaline 
salts 
 
The instant noodle formulation for the inclusion of 1.6% kansui and 0.2% lipase was 
used to examine the adequacy of the model for predicting optimum response values. 
The results (Table 10.6) show that the actual values obtained were close to that of the 
predicted values and there was no significant difference between these at the 5% level.  
 
Table 10.6 Comparison of predicted and experimental value for the responses at 
optimum lipase and alkaline salt levels 
 
Response Predicted 
value 
Actual 
value ± SD 
Standard 
error 
Mean 
difference 
Sig. (2 
tailed) 
L* 
a* 
b* 
Specks (/47.8cm2) 
Hardness (N) 
Fat (%) 
Moisture (%) 
Cooking weight (%) 
Cooking loss (%) 
73.0 
-1.1 
29.2 
42.0 
21.3 
21.0 
2.9 
196.6 
8.8 
73.1 ± 1.2 
-1.3 ± 0.4 
28.9 ± 0.9 
42.7 ± 3.1 
21.8 ± 1.1 
21.5 ± 1.1 
2.8 ± 0.3 
196.4 ± 4.0 
8.6 ± 0.6 
0.30 
0.11 
0.24 
0.80 
0.28 
0.36 
0.10 
1.32 
0.21 
0.12 
-0.21 
-0.29 
0.73 
0.47 
0.49 
-0.07 
-0.16 
-0.22 
0.692 
0.085 
0.238 
0.376 
0.123 
0.204 
0.535 
0.908 
0.310 
 
 
10.3 General discussion of lipase in the characteristics of instant noodle  
 
In summary of the results from this phase of the study, the amount of kansui was 
positively correlated with a* and b* values, hardness, moisture content, and cooking 
weight. Incorporation of lipase in the formulation in contrast, affected the L* value, 
hardness, fat and moisture content as well as cooking weight positively. The data 
showed no significant impact for the characteristics of instant noodles for lipase 
addition, except for the cooking weight. Varying the amount of kansui on the other hand 
influenced most of the attributes significantly. In addition, the combination of 1.6% 
kansui and 0.2% lipase appeared to be the optimal amounts for the ingredient 
formulation of Asian instant noodles, although higher levels of the enzyme were not 
trialled. 
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Chapter 11 
 
General discussion and conclusions 
 
 
The purpose of this final chapter is to summarise the results obtained during the current 
study, draw conclusions and make recommendations for further research in relation to 
enhancing the characteristics of Asian instant noodles. 
 
11.1  Introduction 
 
Instant noodle production has been growing rapidly throughout the world due to its 
popularity, particularly for the convenience provided. This research program has 
investigated the attributes of Asian instant noodles in order to find ways to improve 
quality with the primary objective of expanding our knowledge since very few studies 
have focused on this area. Evaluation of the noodles characteristics with an emphasis 
upon colour, texture and cooking properties was done by varying the procedures of 
instant noodle making along ingredient formulation.  
 
The results described in this thesis have been presented in four broad areas: 
1. Validation of procedures for fat extraction and analysis as well as use of the texture 
analyser; 
2. Analysis of various commercial instant noodles to provide a profile of the range of 
characteristics currently available commercially; 
3. Investigation of the selected attributes of instant noodles, the study of the impact of 
various factors as well as the optimisation of the processing procedures and 
formulation; and 
4. Evaluation and optimisation of the incorporation of lipase on the characteristics of 
instant noodles. 
 
The results for each of these are now reviewed as a basis for presenting the primary 
conclusions of this project and a discussion of areas recommended for further research. 
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11.2  Validation of texture analyser and fat extraction procedures 
 
The purpose of this validation was to select the most suitable and reliable procedures in 
using the texture analyser as well as in measuring the fat uptake. The size of cylinder 
probes of 35 and 45 mm, the use of 2 and 5 cooked noodle strands, measurement of the 
hardness on the cut and rolled surface of the strands as well as horizontal and vertical 
alignment of the samples were evaluated on the TA-XT2 in relation to the hardness of 
the cooked noodles. The results (Chapter 7, Table 7.1) demonstrated a lower force 
obtained from the samples of 2 strands compressed using a 35 mm probe with the 
strands compressed on the cut surface as opposed to using 5 strands with 45 mm size 
probe and compressed on the rolled surface. This is associated with the force being 
directly proportional to the mass and length of the samples. In addition, placing the 
strands horizontally or vertically did not significantly impact the results. In fact, the 
overall results found no significant difference in varying these aspects except when the 
strands were positioned at different angles. Placing the sample to be compressed at the 
cut or rolled surface resulted in a significantly different outcomes for most of the 
samples tested. For this investigation, the final decision of choosing the probe size and 
sample alignment was achieved by considering the standard deviation from each trial.  
 
Fat uptake measurement using the acid hydrolysis method was another area evaluated in 
the preliminary phase of this study. The amount of samples required in addition to the 
number of re-extractions was investigated. The variants used were size of sub-samples 
(2 and 4 g) as well as by weighing the fat residues for every extraction of up to six re-
extractions for each sample in separate dishes. The results illustrated that the highest 
amount of fat was achieved by extracting the sample 5 times. Beyond this the resultant 
values then decreased as the number of extractions was increased. The final decision of 
which approach to use for analysis in this study was based upon the standard deviation 
values of the analytical measurements.   
 
11.3  Analysis of various commercial instant noodles 
 
Various commercial instant noodles from different manufacturers were investigated for 
the colour, textural and microstructural attributes, fat and moisture uptake as well as 
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cooking properties. Each of these characteristics was compared between samples and 
results indicated significant variation in colour, texture and structural attributes. 
Uncooked instant noodle from Nissin Food Products, Hong Kong, had the highest L* 
(83.7) and lowest b* (11.0) values, while those from Acecook Vietnam had the lowest 
L* (77.3) and highest b* (21.8) values. Wide variations were also found in other 
attributes of the noodles including hardness, 14.5 – 24.6 N; cooking weight, 146.8 – 
207.8%; cooking loss, 10.3 – 18.7%; moisture content, 3.1 – 8.6%; fat uptake, 13.0 – 
21.2%; as well as cooking time between 2 min 15 sec to 5 min 30 sec. These variations 
in characteristics probably reflect the use of different ingredients and formulation used 
as well as the processing parameters and approaches applied.  
 
11.4  Investigation and optimisation of instant noodle processing procedures 
 
Processing procedures for instant noodles were evaluated by investigating combinations 
of two parameters in each trial. These included the time (0.75 – 2.00 min) and 
temperature (135- 165°C) of frying, steaming time (2 – 4 min) and number of folds (0 – 
4 times) as well as mixing (1 – 5 min) and resting time (0 – 30 min). The ranges 
evaluated were chosen on the basis of those used in previous publications on instant 
noodles. Time and temperature of frying has strong effects on the brightness and fat 
contents, with these ranging from 57.0 to 73.2 and from 19.1% to 24.2% respectively 
(Table 11.1). Instant noodles fried for the longest time (2 min) and highest temperature 
(165°C) showed good quality in the final product with the brightest colour and lowest 
moisture content of 73.2 and 5.0% respectively. Nevertheless, the fat uptake measured 
for these conditions was found to be the highest (24.2%). This was probably due to the 
increase in vaporisation of moisture from the noodle which was then replaced by the oil 
during frying for longer times and at higher temperatures. Brighter colour, lower 
moisture and higher fat uptake of the final products were achieved compared to those 
noodles fried at lower temperatures for a shorter time. 
 
The optimum cooking time also varied with instant noodles fried for 0.75 and 2.00 min 
having the optimum cooking time of around 3 min, and those fried for 1.37 min having 
a longer cooking time of around 4 min. Moreover, the longest cooking time (5 min 15 
sec) was obtained from samples fried for 2.00 min at 165°C. This long cooking time 
was most likely due to the high fat content which reduced the rate of water absorption 
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by the noodles. In addition, several solutions for the optimum frying time and 
temperature were determined and the optimised conditions were a time of 
approximately 1 min with temperature of 165°C. 
 
The next series of trials was performed in relation to the time of steaming in conjunction 
with the number of folds of the dough sheet. The results have been summarised in Table 
11.2 and these demonstrate that regardless of the steaming time, folding the noodle 
sheets for 4 times resulted in the lowest cooking weight and cooking loss compared to 
those made without folding or by folding the noodle sheets twice. In general, L* and b* 
values were positively correlated with the steaming time in spite of the number of 
folding steps. Interaction of these parameters had little impact on the characteristics of 
the noodles and furthermore did not affect the cooking time. A number of solutions for 
the optimised condition obtained were either short steaming time with high number of 
folding steps or long steaming time with low number of folds.  
 
Varying the mixing and resting time were the last section in the evaluation of instant 
noodle processing. As summarised in Table 11.3, samples with the least hardness, 
lowest moisture content, and the highest cooking weight were obtained when the mixing 
time was 5 min regardless of variations of the resting times. The highest amount of fat 
uptake (27.0%) on the other hand was obtained when the mixing time was at 5 min, 
corresponding to 30 min R1 and 0 min R2. In addition, mixing time of 3 min, R1 of 30 
min and R2 of 15 min resulted in the lowest cooking loss of 10.3%. Instant noodles 
made by mixing the ingredients for 1 min with R1 for 30 min and no R2 as well as 
mixing time of 5 min with the absence of R1 and 30 min of R2 had the longest cooking 
time of 7 min. Mixing time of either 4 or 5 min, varying lengths of time in R1 and either 
30 min or the absence of R2 were the best solutions mixing and resting time were 
optimised.  
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Table 11.1 Summary of the impact of frying time and temperature on the quality of instant noodles 
Time 
(min) 
Temp 
(°C) 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%) 
Cooking 
loss (%) 
Cooking time 
(min.sec) 
0.75 135 57.0 -1.9 14.2 20.5 19.1 8.2 182.3 13.4 3.30 
 150 65.3 -0.9 13.8 20.6 21.0 8.0 146.1 11.7 3.30 
 165 69.8 -1.4 14.9 19.3 20.3 6.2 146.6 14.8 3.30 
           
1.37 135 63.9 -2.0 14.4 20.3 19.7 7.0 155.7 13.0 4.30 
 150 69.2 -1.7 15.0 19.7 22.2 5.9 151.4 13.7 4.00 
 165 70.9 -1.1 16.4 21.1 22.1 5.5 156.6 13.8 4.15 
           
2.00 135 58.9 -1.6 14.4 22.9 20.3 5.8 147.4 14.4 3.30 
 150 63.7 -1.9 14.2 23.5 21.4 5.8 141.3 12.8 3.15 
 165 73.2 -1.0 19.1 20.3 24.2 5.0 185.1 13.3 5.15 
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Table 11.2 Summary of the impact of steaming time and number of folds on the quality of instant noodles 
 
Steaming 
time (min) 
Folding 
no. 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%) 
Cooking 
loss (%) 
Cooking time 
(min.sec) 
2 0 74.5 -1.9 15.3 21.5 22.3 4.7 181.4 15.6 4.45 
 2 78.0 -1.8 16.6 21.5 22.8 3.9 180.3 14.9 4.45 
 4 78.4 -1.6 16.6 22.0 21.8 4.4 178.7 13.1 4.45 
           
3 0 77.5 -1.7 17.1 22.1 24.0 4.4 178.3 16.4 4.45 
 2 78.8 -1.6 16.9 22.1 22.8 4.4 183.5 17.2 4.45 
 4 79.1 -1.8 16.9 23.1 18.6 5.2 164.6 15.1 4.45 
           
4 0 79.5 -1.7 16.8 22.4 19.0 4.8 170.1 15.5 4.45 
 2 78.5 -2.0 17.3 23.6 22.1 4.0 183.3 15.2 4.45 
 4 78.1 -1.7 17.1 21.0 20.1 4.3 165.7 14.2 4.45 
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Table 11.3 Summary of the impact of mixing and resting time on the quality of instant noodles 
 
Mixing 
time (min)
R1 
(min) 
R2 
(min) 
L* a* b* Hardness 
(N) 
Fat 
(%) 
Moisture 
(%) 
Cooking 
weight (%) 
Cooking 
loss (%) 
Cooking time 
(min.sec) 
1 0 0 82.0 -1.6 16.5 20.1 21.5 4.3 158.0 11.0 6.15 
 0 30 81.3 -1.7 17.0 19.1 19.8 3.0 162.5 13.3 5.30 
 15 15 80.0 -1.6 16.8 19.0 20.7 3.9 170.2 13.3 5.30 
 30 0 80.9 -1.9 17.5 20.1 22.6 3.3 176.7 12.0 7.00 
 30 30 79.4 -1.7 16.4 16.9 19.0 3.3 164.4 14.0 5.15 
            
3 0 15 80.8 -1.8 17.0 21.0 22.6 3.2 167.2 11.5 6.45 
 15 0 83.2 -1.6 17.3 15.7 20.7 3.0 170.3 10.2 6.15 
 15 15 81.6 -1.8 17.1 20.2 18.7 3.6 162.9 11.6 5.30 
 15 30 82.1 -1.5 16.8 17.7 20.2 3.6 166.6 11.3 5.45 
 30 15 82.7 -1.6 17.3 21.4 17.8 3.8 163.0 10.3 6.00 
            
5 0 0 80.8 -1.6 17.0 16.0 21.8 2.6 180.2 13.1 6.15 
 0 30 81.4 -1.7 16.8 18.4 23.5 3.4 166.9 9.5 7.00 
 15 15 81.6 -1.8 17.4 14.8 20.6 2.6 178.5 11.2 6.45 
 30 0 79.4 -1.7 16.6 18.9 27.0 2.5 169.3 11.6 6.15 
 30 30 80.1 -1.6 17.1 15.7 19.9 2.2 177.8 14.6 6.00 
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11.5 Investigation and optimisation of instant noodle formulation 
 
Varying the amount of salt (0 – 2%) and alkaline salts (0.0 – 0.5%) was evaluated and 
an optimised solution was established for the formulation. As summarised in Table 
11.4, increased amounts of salt generally increased the L* values and cooking loss as 
well as lowering the fat content. Varying the incorporation of salt was found to have 
relatively little impact on the characteristics of instant noodles while alkaline salts had a 
greater effect, particularly upon the colour attributes and cooking weight. Increased 
amounts of kansui reduced the brightness as well as increasing the yellowness of the 
samples. A deeper yellow colour produced by adding more kansui to the formulation 
was due to the increase in the alkalinity of the dough. Despite the amount of salt, 
increasing the level of kansui also generally resulted in longer cooking times. 
Additionally, combinations of various quantities of salt (0 – 2%) and alkaline salts (0.1 
– 0.3%) were obtained as optimised levels of these ingredients. 
 
Variation on the proportions of Na2CO3 (1 – 9) and K2CO3 (1 – 9) was also studied and 
optimised levels of incorporation were determined. The results are summarised in Table 
11.5 and these indicate that there was no clear pattern and that these variables had very 
little impact on the characteristics of instant noodles. Nevertheless, the ratio of 7:2 
(Na2CO3:K2CO3) provided the highest L* value and moisture content, and one of the 
lowest combinations of a* and b* values, in addition to the lowest fat content and 
cooking time. A number of solutions for the optimised ratio were also considered and 
the ranges found were proportion of between 1 to 8 for sodium carbonate and 1 to 9 for 
potassium carbonate. 
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Table 11.4 Summary of the impact of salt and salt and alkaline salts level on the quality of instant noodles 
 
Salt (%) Kansui (%) L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%)
Cooking 
loss (%) 
Cooking time 
(min.sec) 
0 0 68.6 -1.7 12.3 15.3 26.7 2.1 155.4 14.1 4.30 
 0.25 69.8 -2.0 16.8 12.6 25.5 2.1 177.8 13.5 6.00 
 0.5 66.2 -1.2 23.1 13.8 26.2 1.6 207.6 10.1 7.00 
           
1 0 71.3 -1.5 12.8 11.4 24.8 2.0 168.7 14.8 5.30 
 0.25 71.4 -1.9 15.9 14.4 24.1 2.3 169.3 12.8 6.00 
 0.5 61.4 -1.0 23.5 13.2 27.7 1.6 199.7 14.2 7.00 
           
2 0 71.1 -1.6 12.8 13.1 24.1 2.3 157.1 16.8 4.45 
 0.25 71.7 -1.7 16.2 16.4 23.7 1.7 154.2 12.4 4.30 
 0.5 65.3 -2.0 21.3 13.3 25.6 2.0 198.2 13.3 7.15 
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Table 11.5 Summary regarding the impact of the ratio of alkaline salts on the quality of instant noodles 
 
Na3CO3 
(ratio) 
K3CO3 
(ratio) 
L* a* b* Hardness 
(N) 
Fat (%) Moisture 
(%) 
Cooking 
weight (%) 
Cooking loss 
(%) 
Cooking time 
(min.sec) 
1 5 71.2 -2.5 15.8 17.2 22.9 2.4 170.5 12.6 4.30 
3 2 70.4 -1.8 15.0 16.2 24.4 2.4 183.0 13.5 4.30 
3 8 70.9 -2.1 15.3 16.3 25.6 2.0 180.4 15.0 5.15 
5 5 69.6 -2.1 15.0 16.7 24.5 2.5 176.4 15.8 4.30 
7 2 73.7 -2.5 15.0 17.3 20.9 2.6 174.7 11.8 4.15 
7 8 71.1 -2.0 15.1 17.6 24.3 2.3 169.2 11.3 5.00 
9 5 70.0 -2.3 15.7 16.2 25.9 1.9 179.9 15.8 5.00 
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11.6 Evaluation and optimisation of the incorporation of lipase on the 
characteristics of instant noodles 
 
The last part of the study was designed to investigate the potential of incorporating a 
particular lipase preparation into the formulation on the attributes of Asian instant 
noodles. Different levels of lipase (0.0 – 0.2%) were used in conjunction with varying 
alkaline salts (0 – 2%) and a summary of the results is presented in Table 11.6. These 
trials demonstrated that b* value, hardness, cooking weight and cooking times of the 
samples were higher as the level of kansui and lipase increased. In the presence of 
kansui, the hardness of cooked noodles increased slightly with the amount of lipase. 
This may have reflected in an increased formation of cross links in the gluten networks 
as the level of lipase increased, or alternatively the impact may have been on the 
gelation of starch. Fat uptake on the other hand showed the opposite effect where 
increased amounts of kansui decreased the fat content of the final product considerably. 
In contrast cooking loss was very high (around 20%) in the absence of alkaline salts as 
opposed to the addition of kansui (around 10%). Regardless of the amount of lipase, 
kansui at 2% level was found to give the least amount of specks whereas in the absence 
and at 1% kansui, the lowest number of specks were observed in the noodles with 0.2% 
incorporation of lipase. In addition, optimisation of the amount of lipase used in 
combination with kansui corresponded with levels of 0.0 to 0.2% and 1.3 to 1.6% 
respectively. 
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Table 11.6 Summary of the impact of varying the amount lipase and alkaline salts on the quality of instant noodles 
 
Kansui 
(%) 
Lipase 
(%) 
L* a* b* Specks 
(/47.8cm2) 
Hardness 
(N) 
Fat 
(%) 
Moisture 
(%) 
Cooking 
weight (%) 
Cooking 
loss (%) 
Cooking time 
(min.sec) 
0 0 70.3 -1.8 12.5 47.4 14.9 30.5 2.3 150.9 22.1 3.15 
 0.1 63.8 -2.1 11.1 62.8 14.6 33.7 2.7 151.8 20.2 2.30 
 0.2 69.2 -1.2 11.7 42.2 13.7 30.2 2.3 161.8 20.6 3.30 
            
1 0 70.8 -1.0 26.2 72.0 15.9 21.9 3.0 179.3 9.3 5.45 
 0.1 69.5 -0.8 28.1 56.1 17.8 24.0 2.3 177.2 10.4 3.81 
 0.2 73.9 -1.1 24.7 46.6 20.2 23.4 2.4 194.4 9.6 6.45 
            
2 0 62.3 1.5 31.8 30.8 19.5 21.0 2.6 184.0 9.3 7.00 
 0.1 70.1 -0.8 30.2 31.2 21.5 21.1 2.7 191.2 10.3 7.45 
 0.2 69.5 -1.1 29.6 35.8 22.2 21.3 3.3 193.8 10.1 6.00 
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11.7 Major conclusions  
 
The final conclusions of this study are summarised here: 
 
1. In the validation of the procedures for use of the texture analyser for analysis of 
instant noodles, the probe size and sample alignment chosen were 35 mm cylinder 
probe using 2 strands of the cooked noodle and placing them horizontally with the 
rolled surface facing upwards.  
 
2. Variations in the size of the sub-samples taken for analysis in the acid hydrolysis 
method was compared by consideration of the standard deviation values obtained 
for replicate analyses. Fat extraction using 2 g and 4 g sub-samples resulted in 
relative uncertainty values of 0.86% and 0.14% respectively therefore 4 g sample 
was selected due to the higher precision achieved. Extraction for three times 
instead of five was preferred since the results showed no significant differences 
between extraction for three and five times.  
 
3. Evaluation of various commercial samples of instant noodles showed that there 
was considerable variation in the characteristics of the various samples. This 
probably reflects the incorporation of different ingredients into the formulation as 
well as the application of varying processing parameters and procedures during 
manufacture. 
 
4. Temperature and time of frying significantly affected the attributes of instant 
noodles, particularly the colour and texture as well as the fat and moisture 
contents. In addition, frying time and temperature of 1.03 min at 165 °C was found 
to be the optimal combination of conditions for these parameters.  
 
5. Steaming time and number of folding steps used had relatively little impact on the 
noodle characteristics assessed with a significant influence found only for the L* 
value and cooking loss. The optimised steaming time and number of folds found 
were 2 min and 4 times respectively.  
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6. Mixing times of 5 min, with resting conditions of R1 of 11 min and R2 of 30 min 
were established as optimal for the preparation of Asian instant noodles. None-
the-less, varying the mixing and resting time had relatively little effect on the 
attributes of instant noodles. 
 
7. The most suitable optimised level of salt incorporation was 1% and for kansui was 
0.24%. The study of a wider range of salt levels in conjunction with alkaline salts 
particularly demonstrated a significant impact of the kansui on the colour and 
cooking properties while there was no significant effect on characteristics in 
relation to the level of salt. 
 
8. From the investigation of the ratio of the alkaline salts, optimised ratio of 8:1 
(Na2CO3:K2CO3) was concluded, however varying the proportion did not impact 
upon the noodle attributes strongly.  
 
9. Good quality characteristics of instant noodles in terms of appearance, texture and 
cooking properties can be achieved by applying 1.6% kansui and 0.2% lipase. The 
study of varying amounts of alkaline salts in combination with the incorporation 
of the lipase (Noopazyme) indicated that this enzyme preparation did not have a 
strong effect on the quality of instant noodles although it did appear to have some 
impact upon speckiness.  
 
11.8 Possible areas for future research  
 
This study has concentrated on evaluating the impact of varying ingredient formulations 
and processing procedures as well as specifically investigating the incorporation of 
lipase on the characteristics of Asian instant noodles. Appearance (colour and 
speckiness) and texture have been the major criteria applied in evaluating the quality of 
noodles in this research. From various published reports regarding Asian noodles 
generally, the quality attributes appear to be influenced by a variety of aspects including 
the swelling properties of starch, the variety of wheat used, the milling extraction rate 
and particle size distribution of the flour as well as variations in the processing. An 
expansion of the current study to look at these subjects is now warranted, especially 
considering the instant noodle styles would be valuable in order to advance our 
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knowledge on ways of improving the quality due to the increasing demand of the 
products globally.  
 
Incorporation of up to 0.2% (equivalent to 600 KLU/kg flour) of lipase was shown to 
have some effect in reducing the specks and increasing the hardness of instant noodles. 
However, these results indicated that the impact on these characteristics was minor, 
therefore adding higher amount of lipase could possibly result in a more significant 
affect. If new preparations of lipase became available then their evaluation would be 
recommended. 
 
In terms of the methodology used in the current study, specks were counted using 
colony counting and results indicated a poor precision. The use of image analysis as 
described by Hatcher, Symons, and Manivannan (2004), Hatcher, Symons, and Kruger 
(1999), and others could be an option to achieve more precise results. Additionally, the 
application of different probes may be used to measure different aspects of texture 
analysis. A cylinder probe was used in this study to determine the hardness, which was 
the force required to bite through noodle strands between the molar teeth. Other probes 
that may be used are flat metal blade for measuring the amount of work require to cut 
the noodle strands (Oh et al.,1983) and the use of a special noodle clamp and an L-
shaped hook probe to measure noodle elasticity (Seib, Liang, Guan, Liang, & Yang, 
2000). 
 
Aside from further efforts aimed at enhancing the appearance and texture of instant 
noodles, adding encapsulated vitamins and minerals into the formulation would be 
another aspect to consider as these products are widely consumed especially as 
emergency foods. In the context of the challenges facing the world in feeding an 
increasing population and the trends towards convenience in many developing 
economies, strategies to enhance the nutritional value of Asian instant noodles would 
make these products even more complete and effective foods.  
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Finally, this study represents a systematic investigation of the primary formulation 
variables relating to these important food products. The findings now provide 
alternatives for the formulation and processing of these products as well as giving a 
basic platform of knowledge for further investigations aimed at enhancing the quality 
and appeal of Asian instant noodles. It is hoped that further progress will be facilitated 
by the work embodied in this thesis. 
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